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© Diabetes data analysis and interpretation system. 

© An automated diabetes data interpretation sys- 
tem is provided which combines symbolic and 
numeric computing approaches in order to identify 
and highlight key clinical findings in the patient's 
self-recorded diabetes data. The patent data, includ- 
ing blood glucose levels and insulin dosage levels, 
recorded by a diabetic patient over a period of time 
by means of a glucose meter or the like, is initially 
downloaded into a central processing system such 
as a personal computer. The accepted diabetes data 
is subsequently processed to (a) identify insulin dos- 
age regimens corresponding to predefined signifi- 
cant changes in insulin dosage which are found to 
be sustained for at least a predefined segment of the 



overall data collection period, (b) identify statistically 
significant changes in blood glucose levels resulting 
across adjacent ones of the identified insulin regi- 
men periods, and (c) identify clinically significant 
changes in blood glucose levels from within the 
identified statistically significant glucose level 
changes. The results of the diabetes data processing 
are generated in the form of a comprehensive yet 
easily understandable data interpretation report high- 
lighting the processing results, including details per- 
taining to the identified insulin regimens and the 
associated clinically significant changes in glucose 
levels. 
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1. Field f the Invent! n 

This invention generally relates to the field of 
diabetes management tools. More specifically, this 
inv ntion relates to a system for automated analy- 
sis and interpretation of glucose data collected 
from diabetic patients. 

2. Description of the Prior Art 

Home glucose monitoring by diabetics is be- 
coming increasingly routine in modern-day diabe- 
tes management. Patients are typically required to 
maintain hand-written paper log books for manually 
recording glucose readings and other relevant in- 
formation. More specifically, patients now measure 
their blood glucose at scheduled times, possibly to 
determine the amount of insulin based on the cur- 
rent blood glucose result, and record this informa- 
tion in a personal log book. 

Physicians are subsequently faced with the 
task of carefully reviewing the hand-recorded data 
for use in optimizing the patient's diabetes therapy. 
In order to make intelligent and meaningful de- 
cisions regarding therapeutic modifications, it be- 
comes necessary for the examining physician to 
not only summarize the available information but. 
more importantly, to analyze hundreds of time- 
dependant observations collected over an extended 
period of time in order to spot unusual and clini- 
cally significant features requiring any modifica- 
tions of the patient's current diabetes management 
schedule. The recorded data typically extends over 
a period of time spanning several weeks or months 
and constitutes a vast amount of time-dependant 
data. As an example, a patient on a regimen of 
three injections of mixed insulin per day who 
records only the most basic diabetes management 
data, i.e., only insulin and glucose levels, will gen- 
erate a personal log comprising 810 data items 
ov r a three month period. It is extremely difficult, 
if not impossible, for a physician to be able to 
review and assimilate all the clinical and therapeu- 
tic implications of this vast amount of data in any 
reasonable amount of time. 

While the introduction of glucose meters with 
various memory functions has greatly simplified the 
data recording process and increased the reliability 
of stored data, the large amounts of recorded data 
have made the interpretation task complicated. 
Such glucose meters now make it possible for 
patients to maintain a scrupulous record of glucose 
readings and insulin dosage taken over a lengthy 
period of time. More importantly, it is also possible 
with pr sent-day devices for patients to record 
other clinically rel vant data such as diet and ex- 
ercise factors, and life-style informati n. All such 
stored data can conv nt ntly be transf rred to a 
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physician's office, preferably via a communications 
link such as an acoustic modem line, where it can 
be reviewed in printed or video display format for 
making appropriat treatment recommendations. 

5 The vast amount of stored glucose monitoring- 

related data has tremendously complicated the 
physician's ability to effectively study data cor- 
responding to hundreds of time-dependant obser- 
vations and measurements in order to focus on key 

to clinical implications buried therein and generate 
meaningful and intelligent diabetes treatment de- 
cisions. Accordingly, computer-based methods 
must be adopted for efficiently tackling the high 
volume of monitored data and the complexity of 

is the data interpretation task. 

Attempts have been made at computerized 
automation of the data interpretation task and per- 
sonal computer programs have been developed for 
interactive display of diabetes patient data and 

20 creation of paper reports therefrom. Such programs 
are typically menu-driven microcomputer programs 
which are adapted to process pre-recorded diabe- 
tes patient data in order to generate a statistical 
and graphical analysis of the data. Although the 

25 processing of voluminous diabetes patient data and 
the generation of associated graphs and statistical 
analyses does assist the physician in his review, it 
still becomes incumbent on the physician to spend 
a significant amount of time interactively guiding 

30 the analysis, studying the generated program re- 
sults and performing additional synthesis of the 
data in order to detect clinical implications con- 
tained therein. 

In essence, traditional approaches to automat- 
es ed analysis of diabetes data provide a relatively 
superficial analysis and an assortment of graphical 
displays based upon certain predefined statistical 
calculations. However, the time-consuming and 
complicated synthesis and interpretation of clinical 

40 implications associated with the processed data 
still need to be performed by the reviewing physi- 
cian, and significant interaction is still required on 
behalf of the physician. 

45 SUMMARY OF THE INVENTION 

In view of the foregoing, it is a primary object 
of this invention to provide a system for automated 
analysis and interpretation of diabetes patient re- 
st) corded data which is capable of identifying and 
highlighting key clinical findings from a patient's 
self-recorded data. 

A particular object of the present inv ntion is to 
provid such a diabetes data interpretation system 
55 which is particularly adapted for rapid, in-depth 
analysts of data from glucose meters. 
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A related object of this invention is to provide a 
data interpr tation system of the above type which 
is capable of detecting clinical implications con- 
tained within the self-recorded data and pr senting 
pertinent identified data in a manner that effectively 
supports the findings. 

A more specific object of this invention is to 
provide such a diabetes data interpretation system 
which is capable of detecting significant changes in 
insulin therapy and determining any corresponding 
statistically significant and clinically significant 
changes in glucose control resulting from the 
changes in insulin therapy. 

Briefly, in accordance with the present inven- 
tion, the above and other objects are realized by 
means of an automated diabetes data interpretation 
system, referred to herein as the "IDDI" system, 
which combines symbolic and numeric computing 
approaches in order to identify and highlight key 
clinical findings in the patient's self-recorded diabe- 
tes data. The patient data, including blood glucose 
levels and insulin dosage levels, and associated 
lifestyle markers such as exercise, diet, symptoms, 
etc.. recorded by a diabetic patient over a period of 
time by means of a glucose meter or the like, is 
initially downloaded into a central processing sys- 
tem such as a personal computer. The accepted 
diabetes data is subsequently processed to 

(a) identify insulin dosage regimens correspond- 
ing to predefined significant changes in insulin 
dosage which are found to be sustained for at 
least a predefined segment of the overall data 
collection period, 

(b) identify statistically significant changes in 
blood glucose levels resulting across adjacent 
on s of the identified insulin regimen periods, 
and 

(c) identify clinically significant changes in blood 
glucose levels.from within the identified statisti- 
cally significant glucose level changes. 

The results of the diabetes data processing are 
generated in the form of a comprehensive yet 
easily understandable data interpretation report 
highlighting the processing results, including details 
pertaining to the identified insulin regimens and the 
associated clinically significant changes in glucose 
levels. 

The IDDI system of the present invention is 
capable of rapid, yet in-depth analysis of patient 
data from glucose meters with memory functions 
so as to examine intermediate analytic results, 
study the clinical implications of the analysis, per- 
form predefined data-driven analyses, and generate 
a cogent, self-contained utput of key clinical find- 
ings. The system is capabl of detecting clinical 
implications contained within the self-recorded dia- 
betes data and presenting th pertinent data in a 
manner that effectively supports th findings. 
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In accordance with th system of this invention, 
the interpr tation of diabetes patient data is accom- 
plished by combining symbolic and numeric com- 
puting methods in order to derive clinically signifi- 

5 cant or meaningful findings from the self-recorded 
diabetes data. In essence, the system processes 
the patient's self-recorded data in accordance with 
specific symbolic and numeric analytic techniques 
to perform two important related tasks: (1) the 

to detection of significant changes in a patient's in- 
sulin therapy, and (2) a determination of corre- 
sponding statistically significant as well as clinically 
significant changes in the patient's blood glucose 
levels resulting from the earlier-detected insulin 

75 therapy changes. 

Changes in insulin therapy are inferred by ex- 
amining the daily insulin dosages included in the 
patient's self-recorded data. Since patients fre- 
quently make small temporary adjustments in their 

20 insulin doses using a sliding scale based on a 
variety of factors (including the value of simulta- 
neous blood glucose measurements, recent trends 
in glucose levels, and anticipated insulin needs), a 
change in the recorded insulin dose from a pre- 

25 vious dose may represent changes resulting due to 
adherence to the sliding scale or, in fact, due to a 
true change in the patient's base line insulin ther- 
apy. The IDDI system is capable of recognizing 
when a systematic or significant change in insulin 

30 therapy (such as insulin type, dosage and number 
of shots) has occurred despite a background of 
constantly changing insulin information. Addition- 
ally, once a significant change in insulin therapy 
has been detected, the system further identifies if 

35 the modification resulted in any significant change 
in glucose control. 

A plurality of algorithms are disclosed herein 
toward identification of insulin regimens, which are 
periods of similar insulin therapy from within the 

40 overall glucose data recording period. In accor- 
dance with a "robust-change-detection" ("RCD") 
algorithm, domain-independent changes are detect- 
ed by identifying when a run of a predefined num- 
ber or more of consecutive insulin readings are 

45 found to be different from the readings that imme- 
diately preceded the run. In accordance with a 
"local-relevance-aggregation" ("LRA") algorithm, 
adjacent daily insulin injection records are exam- 
ined and an attempt is made to combine them into 

so a set of related records, called a period. The com- 
bination is performed according to a sequence of 
diabetologist-derived combining criteria is used to 
determine if a daily insulin record can be included 
into a period. 

55 Finally, according to a preferred embodiment, a 

"hi rarchical-r levance" ("HR") algorithm is used 
which com bin s th advantag s associated with 
both the RCD and LRA algorithms. The HR al- 

4 
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gorithm uses a hierarchy of "clinical significance" 
for determining which changes are of sufficient 
interest to cause a br ak in a run. The hierarchy 
encodes domain-dependent clinical knowledge 
similar to that used in the LRA algorithm and 
superimposes this knowledge on the domain-in- 
dependent runs-detection method used in the RCD 
algorithm. A hierarchy of insulin changes is con- 
structed for determining if a clinically significant 
alteration in insulin has occurred. This hierarchy is 
subsequently used to organize the criteria used to 
generate breaks in runs in applying the runs-detec- 
tion method, and to create an appropriate insulin 
table. 

When a significant change in insulin therapy 
has been detected, i.e., the overall data recording 
period has in fact been defined into several insulin 
regim ns, the IDDI system initially determines 
wheth r the change in insulin therapy resulted in 
any statistically significant change in blood glucose 
control. 

This is accomplished by performing a series of 
analysis of variance (ANOVA) tests on blood glu- 
cose readings separated by insulin regimens and 
mealtimes. (The use of "mealtimes" herein refers 
to the various time intervals of a day which, in the 
pr ferred embodiment, are breakfasttime, lunch- 
time, suppertime, bedtime, nighttime and overall.) 
The ANOVA test procedure is applied across adja- 
cent regimens and pairs of corresponding groups 
of blood glucose readings in order to determine if 
the probability distribution of readings varies be- 
tween compared groups, thereby indicating the 
pr s nee of a statistically significant blood glucose 
change. 

The results of the statistical analysis are re- 
turned to the symbolic system which examines the 
statistical output for clinical relevance and gen- 
erates an appropriate output if the statistical results 
are deemed to be of clinical import. In particular, 
the statistically significant changes are filtered in 
accordance with a set of screen rules based on 
clinical knowledge in order to identify clinically 
rel vant blood glucose changes. 

The system next determines the most relevant 
changes in insulin therapy associated with such 
clinically relevant changes in blood glucose. The 
system also identifies extremely high or extremely 
low readings based on predefined thresholds and 
generates explanations and characterizations for 
the same including details on the insulin intake 
most likely to have affected these extreme read- 
ings. Relevant details pertaining to blood glucose 
and insulin readings are indicated in the form of 
three-day plots including information for the day on 
which the xtrem values occurred, as well as the 
immediately preceding and following days. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the pres nt 
, inv ntion will becom apparent upon reading th 
5 following detailed description and upon reference 
to the drawings in which: 

FIG. 1 is a block diagrammatic representation of 
the system hardware with which the IDDI sys- 
tem of the present invention may be used; 
io FIG. 2A is a binary tree illustrating the hierarchi- 
cal structure used by the IDDI system for iden- 
tifying significant changes in insulin therapy; 
FIG. 2 is an illustration of the introductory seg- 
ment of the output report generated by the 
is diabetes data interpretation system of the 
present invention; 

FIG. 3 is a segment of the data interpretation 
report providing a summary of the insulin dos- 
age (the insulin table) during the overall monitor- 
20 ing period when the patient's self-recording oc- 
curred; 

FIG. 4 is a segment of the data interpretation 
report providing an overview of the self-mori- 
itored glucose measurements; 
25 FIG. 5 is a segment of the data interpretation 
report providing an overall summary of blood 
glucose results during the self-monitoring pe- 
riod; 

FIG. 6 is a segment of the data interpretation 
30 report providing a summary of the blood glu- 
cose results by patient mealtimes; 
FIG. 7 is a segment of the data interpretation 
report providing a comparison of blood glucose 
results in weekdays versus weekends days; 
35 FIG. 8 is a segment of the data interpretation 
report providing an overall statistical summary of 
blood glucose results with respect to the iden- 
tified insulin regimens; 

FIG. 9 is a segment of the data interpretation 
40 report providing a summary of blood glucose 
results in the identified insulin regimens for lun- 
chtime readings; 

FIG. 10 is a segment of the data interpretation 
report providing a summary of blood glucose 
45 results for the identified insulin regimens for 
supper readings; 

FIG. 1 1 is a segment of the data interpretation 
report providing a summary of blood glucose 
results for the identified insulin regimens for 
50 bedtime readings; 

FIG. 12 is a segment of the data interpretation 
report showing 3-day plots for identified extreme 
blood glucose values and associat d discus- 
sions; and 

55 FIG. 13 is a block diagrammatic r presentation 
of hierarchical design of th system software for 
th IDDI system, in accordance with a pr ferred 
mbodim nt of th present invention; 
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FIG. 14 is a block diagrammatic representation 
of th architecture for the major analysis module 
of the IDDI system; and 

FIGS. 15-30 ar flowcharts illustrating the se- 
quence of operations involved in xecuting the 
IDDI system and generating the associated data 
interpretation reports- 
While the invention is susceptible to various 
modifications and alternative forms, a specific em- 
bodiment thereof has been shown by way of exam- 
ple in the drawings and will herein be described in 
detail It should be understood, however, that it is 
not intended to limit the invention to the particular 
forms disclosed, but on the contrary, the intent.on 
is to cover all modifications, equivalents, and alter- 
natives falling within the spirit and scope of the 
invention as defined by the appended claims. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

1. OVERVIEW OF THE IDDI SYSTEM 



Referring now to FIG. 1. there is shown a block 
diagrammatic representation of the system hard- 
ware with which the IDDI system of the present 
invention is adapted to be used. As shown therein, 
the system 10 essentially comprises the glucose 
meter 12 used by a patient for recording, inter alia, 
insulin dosage readings and measured blood glu- 
cose ("BG") levels, and possible lifestyle markers 
such as for diet, exercise, symptoms, etc., during a 
given monitoring period. Data stored within the 
glucose meter 12 is preferably transferred through 
appropriate communication links 13 and an asso- 
ciated data modem 14 to a processing station, 
such as a personal computer 16. Alternatively, data 
stored within the glucose meter 12 may be directly 
downloaded into the personal computer 16 through 
an appropriate interface cable 17. 

The computer 16 includes the software neces- 
sary to process, analyze and interpret the self- 
recorded diabetes patient data in accordance with 
predefined flow sequences (to be described below 
in detail) and generate an appropriate data inter- 
pretation output. Preferably, the results of the data 
analysis and interpretation performed upon the 
stored patient data by the computer 16 are dis- 
played in the form of a paper report generated 
through a printer 18 associated with the personal 
computer 16. Alternatively, the results of the data 
interpretation procedure may be directly displayed 
on a video display unit 20 associated with the 
computer 16. 

A giv n patient data file, which compnses the 
data downloaded from th glucose m ter 12 into 
the personal computer 16 and corresponding to a 
single monitoring period, is processed by the com- 



puter 16 in accordance with IDDI system in such a 
manner as to extract clinically meaningful informa- 
tion ther from and present it in the form of a 
comprehensive and informative report. The report 
5 is particularly adapted for convenient use by a 
physician toward arriving at meaningful or intel- 
ligent clinical and/or therapeutic decisions. The 
data interpretation report is comprehensive and re- 
places the laborious paging through and manual 
,o review by a physician of the inordinately large and 
difficult to comprehend amount of raw data con- 
tained in the patient log. It should be noted that the 
IDDI system requires no user intervention once the 
set of data to be interpreted is made available in 
75 the form of a patient file in system memory. 

The system uses a combination of symbolic 
and numerical methods to analyze the data, detect 
clinical implications contained in the data and 
present the pertinent information in the form of a 
20 graphics-based data interpretation report. The sym- 
bolic methods used by the IDDI system encode the 
logical methodology used by expert diabetologists 
as they examine patient logs for clinically-sigmfi-' 
cant findings, while the numeric or statistical meth- 
25 ods test the patient data for evidence to support a 
hypothesis posited by the symbolic methods which 
may be of assistance to a reviewing physician. 

The combined use of symbolic and numeric 
computing techniques in interpreting the patient's 
so self-recorded data is essentially directed to the 
realization of two basic objectives: 

(1) the detection of significant changes in insulin 
therapy so as to divide the overall monitoring 
period into a plurality of insulin regimens of 
35 similar insulin therapy, such as type of insulin 
(regular or short-acting insulin, NPH/lente or 
intermediate-acting insulin, and ultra-lerrte or 
long-acting insulin), dosage, number of shots, 
etc., and 

40 (2) detecting statistically significant as well as 
clinically significant changes in blood glucose 
levels following a detected significant change in 
insulin therapy. 
Since the IDDI system does not have access to 
45 a patient's actual insulin regimen, it is important for 
the system to infer the patient's regimen, i.e., ac- 
tual changes in insulin therapy, by examining the 
daily insulin dosages recorded in the patient's data 
and subsequently transferred to the corresponding 
so patient data file in the system memory. Patients 
frequently make small temporary adjustments in 
their insulin doses using a sliding scale table based 
on a variety of factors, including the value of si- 
multaneous blood glucose measurements, recent 
55 trends in glucose I vels. and anticipated insulin 
needs. It is thus, important to distinguish between 
chang s in th recorded insulin dose from a pre- 
vious dose r suiting (1) from adher nee to the 
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sliding scale or (2) r suiting from a true change in 
the patient's base line insulin therapy. The IDDI 
system of the present invention is capabl of rec- 
ognizing the occurr nee of a systematic change in 
insulin despite the background of constantly chang- 
ing insulin dosages. 

The identification of insulin regimens or periods 
of similar insulin therapy is important and allows 
data obtained during periods of different insulin 
therapy to be examined separately. If this separate 
examination does not occur, treatment-related 
changes in glucose control or clinical complications 
may be missed or attributed to other possible 
causes. 

Three different algorithms were developed and 
are disclosed herein for identification of regions of 
similar insulin therapy. In accordance with a first 
algorithm referred to as the "robust-change-detec- 
tion" ("RCD") algorithm, domain-independent 
change is focused upon. This algorithm is based 
on the concept of a "generic-change" which is 
found to exist when a run of a predetermined 
number (preferably three) or more consecutive in- 
sulin readings are found to have a sustained dif- 
ference from the readings that immediately pre- 
ceded the run. 

With this algorithm, for instance, the sequence 
of regular insulin injections, 666766678 6, is 
identified as a sustained run of 6 units of regular 
insulin. It should be noted that no break in the run 
occurs at either of the two 7 unit or the single 8 
unit injections because these changes are not sus- 
tained over the predefined threshold of three suc- 
cessive readings. These three irregular readings 
(the two 7s and the single 8) are said to be 
unsustained deviations or anomalous values. 

On the other hand, the sequence of regular 
insulin injections, 66677877 7, is broken up 
into two sequences, 6 6 6 and 7 7 8 7 7 7 because 
there is a sustained change to 7 units from the 
initial run of 6 units. In this case, the single injec- 
tion of 8 units is considered to be an anomalous 
value within the run of 7 units. 

It should also be noted that the RCD algorithm 
may be modified for encoding additional clinical 
knowledge. For instance, the choice of the number 
of consecutive readings that determine the start of 
a new run can be increased. The preferred thresh- 
old of three consecutive readings was selected 
after the performance of this algorithm was exam- 
ined with respect to other run-length values. Also, 
different run-length criteria may be specified for 
different insulin types (regular or long-acting) or for 
various injection times (AM or PM). 

In addition, th range of recorded readings that 
may be considered "id ntical" can also be ad- 
justed. The algorithm could, for exampl , be ad- 
justed to account for th fact that, due to sliding 
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scale insulin adjustments, regular insulin tends to 
vary more than long-acting insulin. By incorporating 
this clinical knowledge, the RCD algorithm could be 
modified to consider changes of ±1 unit of regular 

s insulin to be "identical" dosages. Preferably, how- 
ever, "identical" values are defined to be numeri- 
cally equal. Also, different range criteria (±1 unit) 
could be used for different insulin types or for 
various injection types. 

10 For patients adopting split/mixed regimens, the 

RCD algorithm is applied to ail insulin types (short- 
acting, intermediate-acting and long-acting) at all 
injection times. 

In accordance with a second algorithm for 

75 identifying insulin regimens of similar insulin ther- 
apy, the "local-relevance-aggregation" ("LRA") ap- 
proach, adjacent daily insulin injection records are 
examined and attempts are made to combine them 
into a set of related records, called a period. A 

20 sequence of combining criteria is used by this 
algorithm to determine if a daily insulin record can 
be included into a period. According to criteria No. 
1, records that differ by regular insulin only arfe 
combined. According to criteria No. 2, records that 

25 differ by NPH type of insulin only are combined. 
According to criteria No. 3. records that differ by 
lente type of insulin only are combined. According 
to criteria No. 4, records that differ by ultra-lente 
type of insulin only are combined. For each such 

30 criterion, adjacent days are combined into periods 
only if they differ by that criterion. 

The combining criteria ensure that periods gen- 
erated by combining adjacent days reflect periods 
of clinically similar insulin therapy and are derived 

35 from reviews of representative patient insulin 
records by expert diabetologists. In terms of the 
algorithm sequence, periods are initially created 
using the first criterion. Records that are not com- 
bined into periods at this step are examined by the 

40 second criterion and combined into periods if they 
do satisfy that criterion. Each set of remaining 
records is examined by subsequent combining cri- 
teria and is combined into periods if it satisfies the 
criterion. It should be noted that periods formed by 

45 previous criteria are not combined into periods 
formed by later criteria. 

A specific day is included into a period only if 
the insulin readings for that day differ only by the 
current combining criterion. However, this differ- 

50 ence may exist at any injection time (AM or PM). 
Any change in the number of insulin injections (for 
example, from single-injection therapy to multiple- 
injection therapy) always results in the start of a 
n w period irrespectiv of the current combining 

55 criteria. For a specific insulin injection r cord, ei- 
th r a criterion will be satisfied, resulting in that day 
being included in a period, or the criterion will not 
be satisfied, leaving that day excluded from the 

7 
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current period. The excluded day is, however, con- 
sidered for possible inclusion into a different period 
if it satisfi s a later combining criterion. The final 
insulin table is the set of all periods formed by all 
the combining criteria. 

In accordance with a preferred embodiment of 
the present invention, a third algorithm referred to 
as the "hierarchical-relevance" ("HR W ) algorithm is 
used for identifying regions of similar insulin ther- 
apy. This algorithm combines the advantages and 
avoids certain disadvantages inherent to the two 
previously-described algorithms. In particular, the 
HR algorithm takes advantage of the fact that the 
RCD algorithm can be improved by application of 
additional clinical knowledge that can eliminate 
clinically-irrelevant divisions, while the LRA algo- 
rithm can be improved by the use of a less strin- 
gent runs-breaking criterion which can eliminate 
many small groups. 

The HR algorithm is based on the use of a 
hierarchy of "clinical relevance" that determines 
which changes are of sufficient interest to cause a 
br ak in a run. In particular, the hierarchy encodes 
domain-dependent clinical knowledge similar to 
that found in the LRA algorithm and superimposes 
it on the domain-independent runs-detection meth- 
od used in the RCD algorithm. As an illustration, a 
change from single to split injection therapy is 
clinically more significant than a small change in 
th amount of regular insulin in the morning. 

More specifically, the HR algorithm is based on 
a hierarchy of insulin changes that determines if a 
clinically significant alteration in insulin has oc- 
curred. The hierarchy is used to organize the cri- 
teria for generating breaks in runs in the RCD 
algorithm. Traversal of the hierarchy is arbitrarily 
stopped when an insulin table of a predetermined 
depth (preferably. 2-6 lines long) is created. A pa- 
tient record that fails on all criteria in the hierarchy 
(for example, a patient who never changes insulin 
dosages) is summarized in a 1-line insulin table. 

While the sequential procedure undergone in 
implementing the HR algorithm is described in 
detail below, the criteria encoded according to clini- 
cal knowledge, in accordance with a preferred em- 
bodiment of this invention, are illustrated at FIG. 2A 
in the form of nodes in a binary tree. The success 
branch at each binary node is taken if the result of 
applying a criterion to the patient record results in 
two or more runs; otherwise, the fail branch is 
taken. When an END node is reached, the insulin 
table is finalized for being printed later. Records 
which succeed on the first criteria (for instance, a 
change from single injection to multiple injection 
therapy) ar processed additionally only during the 
single-injection intervals. If a patient's record fails 



on all criteria (i.e., reaches the rightmost END 
node), a single line insulin table is finalized for 
being printed later. 

In applying the binary tre hierarchy in FIG. 

s 2A, the HR algorithm initially splits the insulin data 
based on the first criterion in the illustrated clinical 
heuristics hierarchy (i.e., splits the data if any sus- 
tained change from single to multiple injections of 
insulin per day is detected). For all criteria, a 

10 sustained change is defined as a difference that 
occurs in a predefined number or more of con- 
secutive days. Preferably, the predefined threshold 
number of days for this purpose is selected to be 
three. 

15 After the application of the first criterion, the 

number of runs detected by the criterion is count- 
ed. If there are less than two runs, the next cri- 
terion in the hierarchy is applied to the current run 
and the algorithm is repeated. If, however, there 

20 are at least two runs or if no other criteria exist, the 
insulin table generated up to that point is used 
directly. 

Any time a significant change in insulin therapy 
is detected in accordance with the foregoing proce- 

25 dure, the IDDI system is capable of identifying if a 
change in insulin therapy resulted in, first, any 
statistically significant change and, subsequently, 
any clinically significant change in glucose control. 
Finally, the most relevant insulin changes asso- 

30 ciated with such clinically relevant glucose level 
changes are determined. 

The above functions are accomplished by per- 
forming a series of analysis of variance (ANOVA) 
tests after separating the various blood glucose 

35 readings into different groups based on specific 
insulin regimens and time intervals of day (i.e., the 
mealtimes referred to earlier). ANOVA tests are 
performed for readings in adjacent regimens and 
pairs of such groups and determine if the probabil- 

40 ity distribution of blood glucose values has 
changed from the first group in a pair to the next, 
thereby indicating the presence of a statistically 
significant change in blood glucose readings. 

Subsequently, a set of screen rules based on 

45 clinical knowledge is applied to identify those sta- 
tistically significant changes in blood glucose read- 
ings which are also clinically significant. The IDDI 
system then determines, for each identified clini- 
cally significant change, the most relevant change 

so in insulin therapy between the two regimens rela- 
tive to which the significant change in blood glu- 
cose occurred. Accordingly, the system is capable 
of providing a possible explanation for each clini- 
cally significant chang in glucose readings based 

55 on the corresponding change in insulin therapy, 
and the results of the analysis ar presented in th 
form of an appr priate graphical display. For in- 
stance, if two adjacent insulin regimens differ in 
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increases in both breakfast and lunchtime regular 
insulin dosages and a significant change in lunch- 
tim glucose is found, the system identifies the 
incr ase in breakfast insulin dosage as the most 
relevant change. If, however, no significant changes 
in glucose readings are detected following the AN- 
OVA tests, or if the subsequent screening identifies 
no clinically significant changes, no corresponding 
graphical display is generated in the data inter- 
pretation report. Further details about the identifica- 
tion of such statistically and clinically changes will 
be described below in connection with the I DDI 
system flowcharts. 

The IDDI system also identifies the presence of 
readings which are either extremely high or ex- 
tremely low, based on predefined thresholds. Ac- 
cording to a preferred embodiment, readings ex- 
ceeding about 375 mg/dl are classified as extreme- 
ly high while readings below about 40 mg/dl are 
classified as extremely low. These extreme read- 
ings are further analyzed and explanations and 
characterizations generated on the basis of the 
particular insulin regimens and time intervals with 
which the readings are associated, as well as in- 
formation on the type of insulin intake most likely 
to have affected the identified extremes. The re- 
sults of this analysis are presented in the form of 
thr e-day plots including blood glucose and insulin 
details for the days immediately preceding and 
following the day on which each extreme value is 
found. Additional details about these procedures 
will be described below in connection with the 
corresponding IDDI flowcharts. 

It should be noted that the expected change in 
glucose levels depends on the specific alterations 
in insulin therapy. Thus, the system focuses on 
changes in insulin therapy in order to explain po- 
tential changes in glucose control. For instance, if 
regular insulin is added to a patient's morning NPH 
insulin dose, generally lower lunchtime glucose 
readings can be expected. 

Also, if the self-recorded patient data indicates 
that significantly more mid-day hypoglycemic epi- 
sodes occurred while the patient received both 
morning NPH and regular insulin doses as com- 
pared to when the patient received only morning 
NPH, the IDDI system notes that the increase in 
complications, i.e., the occurrence of increased 
hypoglycemic episodes, is consistent with the 
change in morning regular insulin therapy. Although 
it cannot be proved that the addition of morning 
regular insulin resulted in the increase in hypo- 
glycemic episodes, domain-specific knowledge 
about insulin kinetics and the temporal r lation- 
ships seen in the patient record make this hypoth- 
esis clinically plausible. 



The combined use of symbolic and 
numeric/statistical processing allows the coordina- 
tion of the type of reasoning required to produce 
the r quisite graphical output when a significant 

5 change in glucose control is associated with a 
change in insulin therapy. In particular, the HR 
algorithm generates the insulin table defining the 
various regimens of insulin therapy and uses sym- 
bolic methods. When a change in insulin therapy is 

10 detected, a statistical analysis is performed using 
the AN OVA routine. The ANOVA results are subse- 
quently returned to the symbolic system, which 
examines the statistical output for clinical rel- 
evance. 

75 Symbolic reasoning is also used to examine 

clinically relevant glucose changes and identify the 
most clinically relevant changes in insulin therapy 
associated with each such blood glucose change. 
Thus, symbolic and numeric processes are used in 

20 concert as the basis for the data analysis and 
interpretation task in order to present the results 
thereof in a clinically meaningful manner. 

2. THE DATA INTERPRETATION REPORT 

25 

The following section provides a description of 
the data interpretation reports generated in accor- 
dance with the system of the present invention. 
These reports are particularly adapted for use by a 

30 physician as a replacement to sifting through pa- 
tient log books containing a vast amount of raw 
data, the clinical and therapeutic implications of 
which cannot be assimilated in any reasonable 
amount of time. The report contains a number of 

35 graphics, both simple and detailed, in order to help 
provide insight into the patient's level of glucose 
control and recording behavior The graphics are 
also adapted to detail possible trouble spots or 
complications which can be inferred from analysis 

40 of the patient data. 

Referring now to FIGS. 2-12, there are shown 
various segments of an illustrative data interpreta- 
tion report generated by the IDDI system of the 
present invention following processing of a particu- 

45 lar downloaded patient data set. tt will be obvious 
that certain graphical sections in the illustrative 
report may not be generated for other patient data. 
Also, other data sets may generate additional seg- 
ments similar to those shown here, as described in 

so the system flowcharts. 

FIG. 2 represents the "Global Summary'' sec- 
tion of the IDDI report which provides a concise set 
of statements describing the highlights of the data 
interpretation results. In particular, the summary 

55 provides an examining physician with a very gen- 
ral summary of the patient data and gives an 
indication of areas n which the physician may 
focus in th subsequ nt sections of the report. In 
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case of the patient data set for which th summary 
of FIG. 2 was generated, for instanc , the first 
statement refers to what appear to be different 
regimens of insulin therapy. In each regimen, the 
system has identified a change in the pattern of 
insulin dosage. The changes from one regimen to 
th next may be relatively inconspicuous, such as 
th change in the amount of a particular type of 
insulin (long- or short-acting) taken at a certain time 
of day, or the changes may be more marked, such 
as a change in the number of insulin shots per day. 
The actual details of the different insulin regimens 
referred to in the summary are provided in subse- 
quent sections of the data interpretation report. 

The Global Summary also includes a reference 
to the relative status of the average blood glucose 
level for the patient compared to the upper or lower 
limits of the patient's prescribed target range. In 
addition, reference is made to the existence of 
blood glucose values exceeding predefined 
"extremely high" or "extremely low" thresholds as 
w II as a statement of the time interval when such 
extreme values occurred. 

FIG. 3 provides an illustration of the "Insulin 
Dose Summary" section of the data interpretation 
report showing the differing insulin dosage during 
each insulin regimen identified in the patient's 
record. If no change in insulin therapy were to be 
detected, the insulin table shown in FIG. 3 would 
constitute a single line. The left-hand graphic in 
FIG. 3, which is disposed under the heading 
"Insulin Period," identifies the various insulin regi- 
mens (labelled as A, B, C, etc.) and indicates what 
proportion of the entire patient recording period 
that particular insulin regimen comprises. This sec- 
tion of the graphic shows the start and end dates of 
each regimen. 

The gray level of the horizontal bar section for 
each regimen represents the percentage of days 
spanning that regimen in which insulin doses were 
recorded. 

Accordingly, a regimen in which all days contain 
insulin information is represented in black, while 
one in which most days have recordings is dark 
gray, and so on. While the short insulin regimens 
(1- and 2-day periods) are not shown in detail in 
the summary of FIG. 3, this particular graphic is 
useful in showing where such periods appear rela- 
tiv to the rest of the record. 

In the graphic of FIG. 3, the column graphs on 
th right hand side (under the headings Breakfast 
Lunch and Supper) show the relative frequencies of 
the actual doses of insulin taken at each mealtime 
during each insulin regimen. The gray I v I of each 
column in these graphs is r pr sentative of the 
particular type of insulin tak n by the patient. Reg- 
ular insulin is represented as light gray, NPH or 



lente insulin is repr sented as being r latively dar- 
ker, and ultra-lente insulin is represented as being 
th darkest. 

The graphs for a particular type of insulin at a 

5 particular mealtime hav the same horizontal 
scales to enable a quick vertical visual scan of 
these graphs for focusing upon the change in a 
particular type of insulin at a mealtime. In the 
graphic of FIG. 3, for example, NPH dosage at 

ro breakfast is shown to have changed dramatically 
across the three regimens: in the first regimen, i.e., 
regimen A, the dosage was 26 units, in the second 
regimen, i.e., regimen B, it was 22 units, and in the 
third regimen, i.e., regimen C, the dosage was 16 

75 units. Similarly, the graphic makes it clear that 
regimens A and B had no regular insulin at break- 
fast, while in regimen C, regular insulin was taken 
at a level of 6 units about 90% of the time and a 
level of 4 units about 10% of the time. 

20 Referring now to FIG. 4, there is shown a 

segment of the data interpretation report character- 
ized as "Glucose Measurement Summary" which 
is aimed at providing the physician with an overall 
view of the patient's blood glucose control and 

25 recording behavior. Referring to the bottom-most 
section of the graph, the gray "checkerboard" sec- 
tion shows, for each day, the times (breakfast "B", 
lunch "L", supper "S n , bedtime "BT", and during 
the night or night-time "NT") when blood glucose 

30 values were recorded by the patient. From the 
record represented in FIG. 4, it can easily be 
noticed that the patient began recording every day, 
four times a day (between 7/13 and 7/20), and 
subsequently switched to recording every other 

35 day (see periods 7/20-7/30 and 8/16-8/31). At a 
subsequent point in time, intermittent data record- 
ing was resumed (see period 10/7-10/21), followed 
by a long hiatus (see periods 11/3-12/1 and 12/13- 
12/29) when no readings were taken, followed by 

40 more regular recording again. It is also clear from 
this graphic that on the days on which the patient 
was in fact recording, the recording was handled 
well by taking about four readings a day. 

The upper section of the graphic in FIG. 4 

45 illustrates the daily blood glucose levels of the 
patient. The daily average and the highest and 
lowest recordings of each day are shown, with a 
bullet (•) indicating a weekday reading and a cross 
(x) indicating a weekend day reading. While in- 

50 dividual readings for the day are not shown and, 
accordingly, the graph does not provide an indica- 
tion of the time when the highest or lowest read- 
ings occurred, the dally range and average values 
provid adequate information. This section of the 

55 graph also shows th patient's recommended 
therapeutic target rang (indicated by the dotted 
lin s) as well as blood glucose readings which fall 
outsid the xtrem ly high and xtrem ly low 

10 
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thresholds (indicated by the dashed lines). As an 
aid to recognizing the presence of such extreme 
values, any time a reading beyond these extreme 
limits is found, this is indicated along the top of the 
graph by the presence of straight or inverted tri- 
angles, respectively representing extremely high 
and xtremely low values. 

The Glucose Measurement Summary also pro- 
vid s, at the thin section of the graph immediately 
above the glucose level section, the particular in- 
sulin regimen in effect at a given time. The advan- 
tage of the graphic type shown at FIG. 4 is that any 
other events recorded by the patient in addition to 
standard glucose/insulin headings, such as hypo- 
glycemic symptoms (*)■ increase or decrease in 
diet (D + , D-) or insulin (l + , or exercise (Ex), 
may conveniently be recorded along the top of the 
graph in conjunction with the extremely high and 
low values. 

FIGS. 5-12 are segments of the data interpreta- 
tion report which provide various summaries of the 
blood glucose results generated by analyzing and 
interpreting the patient's data file. In particular, FIG. 
5 provides an overall summary of blood glucose 
(BG) results. The top section of the BG summary 
table indicates the level of control existing at each 
mealtime and highlights whether the average blood 
glucose was too high, too low, or within target 
range. This section also indicates whether or not 
the glucose readings varied substantially (i.e., are 
spread too wide), indicating the presence of poor 
glycemic control. 

The bottom section of the BG summary table 
is detailed and addresses therapeutic issues re- 
lated to the BG results. The first row of entries 
indicates the extent to which the average BG read- 
ings were beyond the target range (if at all) and 
also indicates the particular mealtime which ap- 
pears to be most problematic. Here, for instance, 
the Supper "distance from goal" reading is iden- 
tified as being problematic and is boxed for easy 
identification. 

If the average BG level is found to be higher 
than the upper limit of the patient's therapeutic 
target range, it is likely that the examining physi- 
cian will attempt to adjust the patient's prescription 
(insulin, diet or exercise) to bring the BG average 
to within target. This adjustment, however, is not 
always straightforward and the bottom section of 
the table on FIG. 5 provides information which can 
be of assistance to the physician in making appro- 
priate adjustments. For instance, If a significant 
number of hypoglycemic readings hav been re- 
corded at the problematic mealtime, this is pointed 
out in th graph since lowering the av rage BG is 
also likely to incr ase the number of hypoglycemic 
readings. In this regard, a significant number f 
hypoglycemic r adings is deemed to xist if more 
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than a threshold percentage, preferably 8%, of the 
total readings for that mealtime are found to be 
hypoglyc mic. 

If, on the other hand, the problematic mealtime 

5 does not include any hypoglycemic recordings, but 
a number of readings exist which are sufficiently 
low that decreasing them by the amount that the 
average should be decreased by would bring them 
into the hypoglycemic range, then these values are 

io potentially hypoglycemic. This fact is important to 
the reviewing physician and is identified and listed 
in the bottom section of the table. 

FIG. 6 represents a section of the data inter- 
pretation report which is referred to as "BG by 

75 Mealtime" and shows the distribution of BG values 
by mealtime, indicating the Mean and Standard 
Deviation, the target range, the number of BG 
readings above, within and below target range, and 
the number of hypoglycemic readings. The histo- 

20 grams for each mealtime show, for each range of 
BG values, both the relative frequencies 
(percentages marked along the horizontal axis) as 
well as absolute frequencies (numbers marked at 
the end of each bar). This type of graphic is 

25 particularly advantageous in that any marked dif- 
ference in control between mealtimes is made ob- 
vious. 

FIG. 7 shows a segment of the data interpreta- 
tion report identified as "BG by Weekday v. Week- 

30 end" and shows the distribution of BG control on 
weekdays versus weekend days. The graphic for- 
mat is identical to that described above in connec- 
tion with FIG. 6. The graph in FIG. 7 identifies 
increases in BG levels possibly resulting from the 

35 patient over-indulging with respect to food intake 
over weekends. 

FIG. 8 is a graphic segment of the data inter- 
pretation report indicating the presence of any clini- 
cally significant effect of an identified change in 

40 insulin regimens on the overall level of BG control. 
Each histogram in the graphic of FIG. 8 shows the 
BG information for corresponding insulin regimens 
associated with a clinically significant change, with 
the most relevant change in insulin regimen being 

45 marked along the curved lines headed by arrows. 
For example, the indicator "NPH at breakfast" in- 
dicates that the amount of NPH insulin changed at 
breakfast from one regimen to the next, and the 
indicator " + insulin at lunch and supper" indicates 

so that an additional shot of insulin was added at 
lunch and supper. It should be noted that the 
graphic shown in FIG. 8 would be absent from the 
data interpretation report if only a single insulin 
regimen wer found to exist or if th chang in 

55 therapy had no clinically significant ffect on the 
level f glucose in the "overall" tim interval. 
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FIGS. 9-11 represent graphics similar to that 
shown and described in connection with FIG. 8. 
The graphics focus on clinically significant effects 
on the level of BG control during lunch, supper, 
and bedtime, respectively. Again, if no clinically 
significant changes exist in these time intervals, the 
graphics of FIGS. 9-11 would be absent from the 
data interpretation report. 

Referring now to FIG. 12, there is shown a 
segment of the data interpretation report entitled 
"Extreme Values" which shows all BG readings 
and insulin injections for days on which an ex- 
tremely high or extremely tow blood glucose value 
is found to exist. These details are presented in the 
form of three-day plots which include BG and in- 
sulin details Jor the days immediately preceding 
and following the day on which the extreme values 
w re found. The extreme values are indicated by 
bullets (as compared to the use of open circles for 
representing standard BG value) and are further 
enclosed by a box, circle, diamond, inverted tri- 
angle or upright triangle depending on whether the 
m artime at which they occurred was breakfast, 
lunch, supper, bedtime or night-time, respectively. 

In addition, the left-hand column in the graphic 
of FIG. 12 contains an explanation or characteriza- 
tion of these extreme values, if one is found to 
exist. As shown, an explanation typically contains 
information about an unusual insulin dosage that 
may be responsible for a particular extreme value, 
wher as a characterization describes some com- 
mon attribute of a group of extreme values, such 
as the fact that all occurred during a particular 
insulin regimen or at a certain time interval of a 
day, or over weekends. By being adapted to iden- 
tify and characterize such factors, the IDDI system 
according to this invention, thus, provides the re- 
viewing physician with key clinical findings which 
can serve as important bases for therapeutic de- 
cision making. 

3. ARCHITECTURE OF THE IDDI SYSTEM 

The following section provides a description of 
the architecture of the IDDI system program. 

FIG. 13 is a block diagrammatic representation 
of the hierarchical design of the program used for 
analysis and interpretation of diabetes patient data 
in accordance with the IDDI system of the present 
inv ntion. As shown therein, the IDDI system 30 
accepts patient diabetes data 32 from a glucose 
meter, stores the incoming data as a patient file 
within a database corresponding to various such 
patient files, processes the accepted and stored 
data using a main program and a plurality of asso- 
ciated subprograms in conjunction with a predefin- 



ed range of user int raction, and generates a data 
interpretation r port 34 highlighting various results 
of the data analysis and interpretation procedur . 
The IDDI system program is designed around 

s a simple program dispatcher or main program 36, 
referred to as I DDI- Main. The primary task of I DDI- 
Main is to execute a set of subprograms and to 
handle interaction with a user 38 as well as inter- 
program communications through a Status file 40, 

io referred to as IDDI-Status. The Status file 40 has 
shared access by IDDI-Main and all subprograms 
associated therewith. As each subprogram is called 
and finishes it work, the program dispatcher in 
IDDI-Main checks for any errors that occurred in 

75 the subprogram and, if none is detected, calls the 
next subprogram. The names of the subprograms 
called by IDDI-Main are preferably declared in an 
ASCII configuration file in order to provide flexibility 
in program development. 

20 According to a preferred system configuration, 

the subprograms called by IDDI-Main (and named 
in a corresponding configuration file) are IDDI- 
Reader 42, IDDI-Prolog 44, IDDI-VirTex 46, IDDI- 
DviALW 48. and IDDI-Printer 50. The operation of 

25 each of these subprograms 42-50 will be discussed 
in detail below. 

In the IDDI system, all subprograms commu- 
nicate information to each other via standard files 
that are created by one subprogram and read by 

30 the next subprogram. For example, IDDI-Reader 
reads or downloads information from a glucose 
meter, such as the Glucometer M+ model glucose 
meter marketed by Miles, Inc.. which is the As- 
signee of all rights to the present invention, and 

35 creates a data file (<patient-name>.meter). This data 
file is read by the subprogram IDDI-Prolog which 
creates a Tex file (<patient-name>.tex). The Tex file 
is. in turn, read by the subprogram IDDI-VirTex 
which creates a small Dvi file (<patient-name.dvi>). 

40 The Dvi file is then read by the subprogram IDDI- 
DviALW which creates a Postscript file ((patient- 
name>.dvi-alw). The Postscript file is, in turn, read 
by the subprogram IDDI-Printer which spools the 
file to a Laser Writer (no output file) for being 

45 printed out. Details about these standard files cre- 
ated by the system subprograms will be described 
below. 

In essence, the Main program launches the 
next program in the above-described program 

so chain, in a manner akin to the one in which a batch 
file evokes a sequence of programs. IDDI-Main is 
informed when a subprogram completes its opera- 
tion and if an error occurs during program execu- 
tion. If an error has occurred, IDDI-Main stops 

55 further processing. If no errors occur, IDDI-Main 
launches the n xt subprogram. 
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The Status file 40 is used to perform commu- 
nications between IDDI-Main and its associated 
subprograms. The Main program creates the Status 
file with global read/write permissions and all sub- 
programs write into the status file only when they 
complete execution. Thus, the Main program is 
notifi d of the termination of a subtask when the 
Status file is not empty. Main reads the contents of 
the Status file, zeros out the Status file, and if no 
rror has occurred, launches the next program. 
Subsequently, Main continues to read the Status 
file until it once again is not empty. 

Each of the subprograms may place any in- 
formation into the Status file although Main only 
examines the first bite. If that bite includes a letter 
(such as E) used to designate the presence of an 
error, Main assumes the occurrence of an error; 
oth rwise, it is assumed that no error has occurred. 
It should be noted that because each program 
maintains its own log files, Main does not record 
any information about errors and the program ter- 
minates with an error dialog any time an error is 
detected. Under these conditions, no attempt is 
made to correct the error. 

Pr ferably, all log files from all subprograms are 
saved so that the source of errors generated may 
be analyzed. 

Further, as each subprogram is launched by 
Main, a status dialog box created by the program 
is updated. This dialog box informs the user of the 
status of the (DDI system and is particularly helpful 
when a long data file is being processed. 

Referring now to FIG. 14, there is shown a 
diagrammatic representation of the major module, 
i. ., IDDI-Prolog, of the IDDI program architecture, 
in accordance with the present invention. As shown 
th rein, patient data which is loaded into a 
database 52 is analyzed and interpreted under 
control of a command module 54 using a plurality 
of modules performing predefined functions. More 
specifically, an Initialize module 56 is used for 
cl aring the global data structure and creating the 
patient database 52 in a suitable form. Preferably, 
the form is such that each item has a unique 
identifying key and the keys for similar items are 
grouped such that they can all be retrieved via a 
single resolution. Techniques for accomplishing 
this type of database/file definition are well known 
in the art and, accordingly, are not described in 
detail herein. According to a preferred method of 
representation, the original data is in a file with an 
extension '.meter 1 which corresponds to data down- 
loaded from a glucose meter, while the keyed and 
indexed data is in a fit with an extension \db\ The 
net result of the initialization procedur is to re- 
lease data from previous runs, set global constants 
and load a .db databas file. 
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An Analyze module 58 is used to examine the 
database and perform various data analyses, the 
results of which are also stored in the databas . A 
Report module 60 uses the facts stored by the 

5 Analyze module 58 to generate a string of tokens 
which are fed through a Phrase-db module 62 into 
a Format module 64 which writes the report in an 
appropriate text form into a file which is ready to 
be processed for printing. 

ro With particular reference to the Initialize mod- 

ule 56, it functions to erase data from previous runs 
and define and assert various constants as global 
variables. If no .db file corresponding to the given 
patient name is found to exist, it is an indication 

75 that the patient data is still in its original form and, 
accordingly, the corresponding downloaded .meter 
file is preprocessed and keyed. Each data record 
in the file is provided with a unique key and the 
key of the interval in which it resides. All days and 

20 all intervals within all days also get unique keys. 

For example, in the case of a blood glucose 
record in the .meter file as listed below: 
89 02 02 11 30 165 AA 

the '.db* file would derive the following records: 

25 bgc(bgc1 1 ,lunch4.dt(2/2/89.1 1 :30).165) 
kind(lunch4.lunch) 
group(day4,[breakfast4, Iunch4 t 
dinner3,bedtime4]) 
day(day4,2/2/89) 

30 It should be noted that the above patient 

record specifies the measurement of a blood glu- 
cose level of 165 measured at 11:30 a.m. on Feb- 
ruary 2, 1989. The digits at positions AA represent 
markers set up by the patient during monitoring 

35 and identify predefined information such as a des- 
ignated pre- or post-mealtime reading, test reading, 
etc. 

The new records set forth above are asserted 
to the global database along with additional in- 

40 formation as to which groups of keys are related. 
For example, a record listing all breakfast blood 
glucose keys would be asserted as below: 
group(breakfast, bgc. [bgcO. bgc4, bgc8, 
bgc12, bgc16]). 

45 The Analyze module 58 is charged with the 

basic analysis of data stored within the database 
52. The Analyze module 58 initially generates in- 
formation corresponding to the overall blood glu- 
cose summary corresponding to the Glucose Mea- 

so surement Summary illustrated at FIG. 4. This is 
accomplished by collecting information about blood 
glucose readings for each day and calculating the 
mean for the day, the highest and lowest values, 
whether or not the day contained an extremely high 

55 reading (defined according to a preferred embodi- 
ment to be ov r 375 mg/dl) or xtrem ly low read- 
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ing (defined according to a preferred embodiment 
to be under 40 mg/dl). and the number of readings 
taken and the mealtimes at which they occurred. 

The Analyze module 58 subsequently summa- 
riz s th insulin dosage information in order to 
generate the Insulin Dose Summary illustrated at 
FIG. 3. The object of the summarization process is 
to realize an insulin table having a predefined 
depth, preferably a 2-6 line table, with each line 
d scribing a different insulin regimen. The insulin 
dose information is summarized because it is im- 
portant to see whether or not the different insulin 
regimens had any positive effect on the patient's 
blood glucose values. The length of the insulin 
table is restricted to the 2-6 line depth because it 
becomes difficult for a physician to compare too 
many items and draw any useful conclusions from 
an overly long table. In addition, if too many regi- 
on ns exist, the time they span becomes shorter 
and thus the number of data points (i.e., blood 
glucose readings) in each regimen also becomes 
smaller so that the outcomes of any statistical tests 
become less reliable. 

Following the above-described summary, a 
more critical summary of blood glucose values is 
next performed by the Analyze module 58. More 
specifically, for each mealtime, the mean glucose 
level is found and compared with the target range 
for that mealtime. If the mean is too high, it is likely 
that the physician will look toward lowering it. If 
th re are any hypoglycemic values for that meal- 
time, lowering the average blood glucose value will 
probably result in more hypoglycemic values; 
accordingly, it is important that this fact be high- 
light d, and the module does so. Even if no hypo- 
glycemic readings are found, it is possible where 
the spread of readings is very wide that there may 
be readings sufficiently low so as to become hypo- 
glycemic with an overall lowering of blood glucose 
levels for that mealtime; again, it is important that 
these "potentially hypoglycemic" readings be 
noted, and the module does so. 

In addition, for each mealtime, the Analyze 
module 58 characterizes the blood glucose dis- 
tribution as being consistent or inconsistent de- 
pending primarily upon the spread of the distribu- 
tion. If the distribution for a mealtime is classified 
as inconsistent, further analysis is performed and 
the blood glucose readings are divided into groups 
such that all readings within a group fall in the 
sam insulin period as determined by the insulin 
dosage summary. These groups of readings are 
then subjected to the statistical analysis of variance 
(ANOVA) tests which yield positive answers if the 
gr ups of blood glucose readings hav different 
probability distributions. If any ANOVA test is posi- 
tive, subsequent tests for clinical significance are 
applied. Further, in ord r to assist in xplaining the 



change in blood glucose, ach group of readings is 
characterized, th difference between th two r I- 
evant insulin regimens is noted, and the corre- 
sponding most rel vant insulin change is deter- 
s mined. 

In addition, for each such group of readings, 
the mean glucose level is found as well as the 
number of blood glucose readings above, below, 
and within the target range, the number of hypo- 
to glycemic readings, and the total number of read- 
ings in that group. 

The Analyze module 58 further attempts to 
characterize any extremely high or extremely low 
readings and, for each reading, an attempt is made 
75 to identify an unusual insulin dose which may ex- 
plain this extreme value. At this point, if an ex- 
planation has not been found for all high or low 
values, an attempt is made to characterize the 
group of high or low readings by insulin regimen. 
20 mealtime, and weekday vs. weekend classification. 
Preferably, in order to describe a group of extreme 
values according to one of these factors, say, in- 
sulin regimen, at least 0.6667 of the readings must 
belong to the same regimen. Where there is no 
25 grouping that applies to this threshold number for 
the group, an indication is provided that no ex- 
planation is available. 

The Report module 60 generates a string of 
concept and control tokens which are used to gen- 
30 erate the paper report. The concept tokens are 
IDDI-Prolog terms which are translated by the 
Phrase-db module while control tokens are used 
directly by the Format module 64 to generate 
graphs or tables. The operation of the Report mod- 
35 ule 60 consists primarily in the collection of the 
complex terms generated by the Analyze module 
58. 

The Phrase-db module 62 functions to process 
all relevant tokens with a threshold volume which is 

40 associated with each token and determines wheth- 
er or not the token will be used to generate some 
output. Tokens not corresponding to this threshold 
volume are discarded. Further, in this module, con- 
cept tokens are translated into strings while control 

4$ tokens are passed through unchanged with both 
kinds of tokens being stripped of their type (control 
or concept) before being passed to the Format 
module 64. 

The Format module 64 receives a list of strings 
so and IDDI-Prolog terms. The strings are directly 
written to an output file while the terms are pro- 
cessed individually to produce the output neces- 
sary to generate a requisite graph or table. 

55 
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4. LOGICAL SEQUENCE OF OPERATIONS 

The following s ction provides a description of 
th logical flow sequences associated with th op- 
ration of the I DDI system of this invention. 

Referring now to FIG. 15, there is shown a 
flowchart providing an overview of the operational 
sequence for the I DDI system. Following start of 
the program, at step 1500, appropriate menus, 
windows and dialog boxes are set up for displaying 
the messages necessary for user interaction 
through the standard display and keyboard asso- 
ciated with the computer system on which the IDDI 
system is running. 

The Main program calls the IDDI-Reader sub- 
program at step 1502. Reader essentially reads a 
glucose meter and creates a raw data file in a 
standard dump format. The subprogram obtains a 
patient name from the user, and the user is promp- 
ted to link the glucose meter into an input port (the 
RS-232 port) on the computer through an appro- 
priate cable connection. 

Subsequently, data stored in the glucose meter is 
downloaded and dumped into a data subfolder that 
is named in the configuration file for the system. 
The patient name is also written into a mode file 
which is also named in the configuration file. All 
files, such as data file and log files, that are created 
by IDDI-Reader as well as by other subprograms 
use the patient's name that is obtained from the 
dialog box as the base file name. Thus, the output 
file created by IDDI-Reader from the meter has a 
format of the type <patient-name> .meter. 

At step 1504, the program monitors the exis- 
tence of an error which, at this junction, generally 
results during downloading of data from the glu- 
cose meter, possibly because of a loose connec- 
tion in the interface cable or the like. 

If no error is detected at step 1504, step 1506 
is accessed where the Main program calls upon 
th subprogram IDDI-Prolog which constitutes the 
major data analysis section of the IDDI system. 
IDDI-Prolog essentially analyzes and interprets data 
xisting in the patient output file in accordance with 
the fundamental architecture discussed in connec- 
tion with FIG. 14. The action of the IDDI-Prolog 
subprogram generates both screen and file output, 
th primary value of the screen output being to 
track progress of the program. The output file is an 
ASCII file referenced by the patient name and 
generated in a language which is particularly adapt- 
ed for optimum printing of text and graphics to- 
gether. Preferably, the report generated by IDDI- 
Pr log is written in the TEX typesetting program 
which is in the public domain, as noted below. 

Subsequently, at step 1508, an error check is 
made and if no rror is found to xist, st p 1510 is 
accessed wh re th Main program calls th IDDI- 



VirTex subprogram. IDDI-VirTex essentially func- 
tions to translate the TEX file created at step 1506 
into a device-independent (Dvi) format in order that 
the graphics format contained within the file be 

5 portable across different device configurations. 

The IDDI-VirTex program is a modified version 
of the public domain document formatting program 
known as TEX and developed by Donald Knuth of 
Stanford University. The TEX source code for UNIX 

io systems, written in the WEB language is in the 
public domain and is available for a nominal media 
distribution charge from the University of Washing- 
ton in Seattle. A public domain program known as 
WEB2C and written by Tim Morgan of University of 

75 California, Irvine, is available for converting WEB 
code into machine-generated "C" code. It will be 
understood by those skilled in the art having the 
benefit of this disclosure that a working version of 
TEX can be created from the WEB2C output, and 

20 IDDI-VirTex is merely an adaptation of the WEB2C 
output as a port for the Apple-Macintosh® family of 
computers. Accordingly, program details regarding 
this and other standard adaptions of public domaih 
programs are not disclosed herein. 

25 Next, at step 1512, a check is made to see if 

any error resulted from the IDDI-VirTex translation 
sequence. If no error is found, step 1514 is acces- 
sed where the Main program calls the subprogram 
IDDI-DviALW for translating the Dvi file created by 

30 VirTex into a format, such as the well-known 
POSTSCRIPT format, which is capable of being 
understood by a laser printer. It should be noted 
that the DviALW is a public domain Dvi-to-POST- 
SCRIPT translator written by Nelson Beebe at the 

35 University of Utah, and comprises one of a large 
number of Dvi translators. This public domain pro- 
gram is modified, according to well-known porting 
techniques, for being adapted for use with the 
Macintosh® line of computers. 

40 At step 1516, an error check is made with 

respect to the translation performed at step 1514 
and, if no error is found to exist, the Main program 
calls the IDDI-Prihter subprogram which essentially 
functions to read the POSTSCRIPT file and spool it 

45 for printing at a laser printer associated with the 
system computer. While other implementations will 
be obvious to those skilled in the art, according to 
a preferred implementation, IDDI-Printer is particu- 
larly adapted for spooling to an Apple LaserWriter® 

so and is based on public domain code derived from 
a published article by Sak Wathanasin in the Sep- 
tember, 1986 and January. 1988 issues of Mac- 
Tutor magazine. 

Subsequently, at step 1520, a check is made 

55 to identify any errors r suiting in the spooling and 
printing process at step 1518 and, if no rrors are 
found to xist, the program com s to an nd at 
step 1522. If th error check at any of th pr vious 

15 
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check points is found to be positive, step 1524 is 
accessed and appropriate error messages ar dis- 
played to the user and the program quits. 

FIG. 16 is a flowchart illustrating the sequence 
of operations undergone by the IDDI-R ader sub- 
program. At st p 1600, IDDI-Reader displays a 
dialog box for entry of a patient name by the us r. 
Alternatively, the user is presented with the option 
of cancelling out of the subprogram. If the user 
opts to cancel, step 1612 is accessed where the 
program returns in an error mode. On the other 
hand, if the user provides a patient name for pro- 
ceeding with the data analysis procedure, step 
1602 is accessed where the patient name is stored 
in a mode file. 

Subsequently, at step 1604, a dialog box is 
displayed for initiating the reading of data from a 
glucose meter or from an ASCII file already exist- 
ing in the system database. If data is to be read 
from a glucose meter, step 1606 is accessed 
where a standard subroutine adapted to transfer 
data is called for dumping meter data into a file 
referenced by the input patient's name. Subse- 
quently, a check is made at step 1608 for any 
dumping errors occurring in the downloading pro- 
cess at step 1606. If such an error is found, step 
1612 is accessed and the program returns in error 
mode. Otherwise, step 1610 is accessed and the 
program returns in normal mode. 

FIG. 17 is a flowchart illustrating the flow se- 
quence associated with the IDDI-Prolog program. 
Th IDDI-Prolog program first initializes and 
preprocesses data contained in the input file with 
which it is provided, and builds a database using 
this information. This is accomplished at step 1700 
in accordance with the functional aspects de- 
scribed above in connection with the Initialize mod- 
ule in FIG. 14. 

IDDI-Prolog is adapted to function with input 
files corresponding to a '.meter* extension and 
comprising files created by downloading a glucose 
meter. 

Subsequently, at step 1702, the file created at 
step 1700 is analyzed in accordance with the pro- 
cedure described above in connection with the 
Analyze module in FIG. 14. More specifically, the 
patient data is analyzed to determine insulin regi- 
men periods, group blood glucose readings (BGs), 
perform requisite statistical calculations and the 
ANOVA tests, determine clinically significant 
changes in blood glucose and associated most 
relevant insulin changes, and find extremely 
high/low BGs and explanations associated there- 
with. 



Subsequently, at step 1704, the functions de- 
scribed above in connection with the Report mod- 
ule in FIG. 14 ar xecuted in order to produce a 
string of concept and control tok ns from th re- 

s suits of the analysis at step 1702. 

N xt. at step 1706, the functions of the Phrase- 
db module in FIG. 14 are executed. More specifi- 
cally, all tokens having associated values higher 
than a preset threshold are processed while the 

10 remaining tokens are discarded. In addition, the 
processed tokens are translated into text strings. 

Subsequently, at step 1708, the functions of 
the Format module in FIG. 14 are executed where- 
by the text strings generated at step 1706 and 

75 related graphic control commands are written into 
an output file in the TEX format. Finally, at step 
1710, the subprogram IDDI-Prolog returns to the 
Main program. 

Referring now to FIG. 18, there is shown a 

20 flowchart highlighting the flow sequence involved in 
executing the functions of the Initialize module at 
step 1700 in FIG. 17. The Initialize module begins 
executing at step 1800 by clearing all global data' 
structures. At step 1802, a determination is made 

25 as to whether or not a database file corresponding 
to the input patient name exists. If the answer is 
found to be positive, step 1803 is accessed where 
the corresponding .db file is loaded into main 
memory. 

30 Next, step 1804 is accessed and control is 

returned to the IDDI-Prolog program. If the answer 
at step 1802 is negative, step 1806 is reached 
where the first record from the patient data file is 
read. At step 1808, a unique key is assigned to the 

35 day, the time interval in the day, and the reading 
corresponding to the record. At step 1810, the key 
of the time interval in which the reading exists is 
attached to the reading. Subsequently, at step 
1812, the key of the reading is attached to a 

40 corresponding group list, such as a lunchtime list 
or a breakfasttime list. 

Next, at step 1814, a check is made to see if 
all records in the patient data file have been pro- 
cessed. If the answer is found to be negative, i.e., 

45 additional records exist in the data file, the program 
reiterates steps 1806-1812 until the answer at step 
1814 is found to be positive. This is an indication 
that all records in the patient data file have in fact 
been processed and, at that point, step 1816 is 
so accessed where all the keyed data items are writ- 
ten into the database file corresponding to the 
patient name, and control is returned to the IDDI- 
Prolog program at step 1804. 

FIG. 19 is a detailed flowchart of the operation 
65 sequence involved in executing the functions of the 
Analyze module in the flowchart of FIG. 17. Th 
module begins xecution at step 1900 by perform- 
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ing the calculations nec ssary for g n rating th 
blood glucose (BG) Summary. More specifically, 
the following factors ar calculated for each day: 

1) the time interval in the day to which the BG 
readings correspond; 

2) the highest, lowest and average values of the 
BGs; and 

3) the extremely high (according to a preferred 
embodiment, greater than about 375 mg/dl) and 
extremely low (preferably, less than about 40 
mg/dl) readings. It should be noted that other 
threshold values may bo selected and either 
defined within the downloaded data from a glu- 
cose meter with sophisticated memory functions 
or supplied by the IDDI system user. 

Subsequently, at step 1902, the processing 
necessary for generating insulin dosage information 
is accomplished in order to build an insulin table 
based on a plurality of 2-6 insulin regimens, prefer- 
ably using the hierarchical relevance algorithm de- 
scribed above. 

Next, at step 1904, the processing necessary 
for generating the necessary glucose control in- 
formation is performed. More specifically, all BGs 
are grouped according to the identified insulin regi- 
mens and according to mealtimes within each regi- 
men. Next, for each such group, the following are 
calculated: mean; deviation; number of BGs above 
target range; number of BGs within target range; 
number of BGs below target range; and number of 
hypoglycemic readings as defined, according to a 
preferr d embodiment, by a BG reading less than 
60 mg/dl. 

Subsequently, at step 1906, calculations similar 
to those at step 1904 are performed for providing 
comparative glucose control information with re- 
spect to weekdays and weekend days. In accom- 
plishing this, all BGs are grouped on a 
weekday/weekend day basis. Subsequently, for 
each such group, calculations identical to those 
performed at step 1904 are performed. 

At step 1908, the processing necessary for 
generating BG results is performed. In particular, 
th target range, the mean and the standard de- 
viation of BGs is found in each time interval of a 
day. 

Initially, a tabular analysis of BGs is performed 
on an overall basis as well as for each mealtime 
showing whether the average BG was within the 
target range, and if not, how far above or below 
target it was, and how "spread out" or "variable" 
the readings were. Additional details pertaining to 
the manner in which BG results are generated will 
be discussed in detail below. In addition, the analy- 
sis of variance (ANOVA) tests ar performed for 
identifying significant chang s in BG levels. Cor- 
responding d scriptions are also generated at this 
point. 



Subsequently, at step 1910, the processing 
necessary for identification and explanation of ex- 
treme BG valu s is performed. In particular, the 
BGs are tested to identify each extrem ly high or 

5 xtremely low BG value and corresponding ex- 
planations are found using a procedure which will 
be described in detail below. In addition, at this 
point, three-day plot tokens are generated cor- 
responding to each identified extreme value. These 

io tokens are later used for generating corresponding 
sections of the output report. Subsequently, at step 
1912, control is returned to the IDDI-Prolog pro- 
gram. 

Referring now to FIG. 20A, there is shown a 
75 flowchart illustrating the processing details involved 
in a routine called "Insulin Dose Info" for executing 
the functions described at step 1902 in the Analyze 
flowchart of FIG. 19. The routine begins at step 
2000 where the program starts with the assumption 
20 that only a single run comprising all days in the 
monitoring period exists, i.e., the daily readings in 
the patient data file correspond to a single insulin 
regimen. 

Subsequently, at step 2002, readings are 

25 scanned from the first day to the last day of this 
initial run. The run is split at days when a sustained 
change from single to multiple shots of insulin (or 
vice versa) per day is detected. In this regard, a 
sustained change is defined to be a difference that 

30 occurs for more than a predefined threshold num- 
ber of consecutive days. According to a preferred 
embodiment, this threshold number of days is de- 
fined to be three (3). 

Subsequently, at step 2004, a check is made 

35 to see if the number of runs identified at step 2002 
is greater than one. If the answer is positive, step 
2006 is accessed where the program is set up to 
perform a series of operations for each one of the 
identified runs (Ri) in which a single insulin shot 

40 was taken. At step 2008, readings are scanned 
from the first day to the last day of the run and 
splits are made at days when a sustained change 
in amount of long-acting insulin is detected. 

At step 2010, a check is made to see if the 

45 number of runs identified is greater than one. If the 
answer is found to be positive, the program ac- 
cesses step 2012. If the answer at step 2010 is 
found to be negative, the possibly split run is 
recombined at step 2014. 

so Subsequently, at step 2015, readings within the 

run are scanned from the first day to the last day 
and the run is split at days when a sustained 
change in amount of intermediate-acting insulin is 
det cted. At st p 2016, it is determined wh ther or 

65 not th number of such runs of three or more days 
in duration is greater than one. If the answer is yes, 
step 2012 is accessed again. 
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If the answ r at step 2016 is found to be 
negativ , the possibly split run is r combined at 
step 2017. Subsequently, at step 2018. readings 
within the run ar scanned and th run is split at 
days when a sustained change in amount of short- 
acting insulin is detected. Next, at st p 2019. a 
check is made to see if any runs of three or more 
days duration have resulted. If the answer is posi- 
tive, the program accesses step 2012. If the an- 
swer at step 2019 is found to be negative, the 
program recombines the possibly split run at step 
2020 and step 2012 is accessed. 

If, however, it is found at 2004 that the number 
of runs exceeding three days in duration is merely 
one, step 2022 is accessed where the program 
begins the run splitting routine again by restarting 
under the assumption that only a single run com- 
prising all days Jn the monitoring period exists. 
Subsequent processing is accomplished in accor- 
dance with the flow sequence shown at FIG. 20B. 

At step 2024 in the flowchart of FIG. 20B, 
readings are scanned and the run is split at days 
when a sustained change in number of insulin 
shots is detected. Next, at step 2026. a check is 
mad as to whether any runs of three or more days 
duration have resulted. If the answer is found to be 
positive, step 2028 is accessed where the pro- 
grams returns to the Analyze subprogram. If the 
answ r at step 2026 is found to be negative, the 
program begins the run splitting process again with 
a single run comprising all days in the monitoring 
period; this is done at step 2030. 

Subsequently, at step 2031. readings within the 
run are scanned and the run is split at days when a 
sustained change in amount of long-acting insulin 
is detected. Next, at step 2032, a check is made to 
see if any runs of three or more days duration have 
resulted. If the answer is positive, the program 
returns at step 2028. If the answer at step 2032 is 
found to be negative, the program begins the run 
splitting process again at step 2033 using a single 
run of all days. 

Subsequently, at step 2034, all readings in the 
run are scanned and the run is split at days when a 
sustained change in amount of intermediate-acting 
insulin is detected. Next, at step 2035, a check is 
made for the presence of runs with three or more 
days duration. If the answer is found to be positive, 
th program returns at step 2028. If, however, the 
answ r is found to be negative at step 2035, the 
run splitting process is begun again at step 2036 
using a single run of all days. 

Subsequently, at step 2038, all readings in the 
run are scanned and the run is split at days when a 
sustained chang in amount of short-acting insulin 
is detected. N xt, at step 2040, a check is made 
for the pr sence of runs with three or more days 
duration. If th answer is found to be positiv , the 



program r turns at step 2028. If, however, the 
answer is found to be negative at step 2040. the 
possibly split run is recombined at step 2042, and 
the program r turns to the Analyze subprogram at 

5 step 2028. 

It should be noted that the flowchart of FIG. 
20A shows the routin returning to the calling sub- 
program at step 2012 after performing steps 2008- 
2020 for each of the runs identified at step 2004, in 

w accordance with the conditions set up at step 2006. 

Referring now to FIGS. 21, 21 A and 21 B, there 
are shown flowcharts detailing the operational se- 
quence involved in generating explanations for the 
presence of extreme BG values. The program be- 

75 gins at step 2100 where appropriate parameters 
are set for performing a series of processing oper- 
ations for each identified extreme BG value (EBG). 
Next, at step 2102, the program determines the 
kind of insulin (TD, TP) which most likely affected 

20 the EBG; in this regard, TD represents the time 
interval of day, and TP represents the type of 
insulin. 

Next, at step 2104, a check is made to see if 
an insulin record (INS-RCD) exists prior to the EBG 

25 which matches the identified insulin type (TD, TP). 
If the answer is positive, step 2106 is accessed 
where a check is made to see if a particular 
amount of insulin (the "usual amount", USL-AMT) 
was taken at least a threshold percentage 

30 (preferably, about 75%) of the time in the time 
intervals corresponding to TD and corresponding to 
the insulin type TP within the regimen correspond- 
ing to the EBG. For instance, if TD corresponds to 
lunchtime, the threshold check is made in all lunch- 

35 time intervals within the applicable insulin regimen. 
If the answer at 2106 is found to be positive, a 
check is made at step 2110 to see if the identified 
EBG is extremely high or extremely tow. 

If the answer at step 2110 indicates that the 

40 EBG was low, step 2112 is accessed where a 
check is made to see if the value of INS-RCD is 
greater than the value corresponding to USL-AMT. 
Following a positive answer at step 2112, step 
2114 is accessed where the identified EBG is 

45 tagged with an explanation identifying it as an 
"unusually high dose." 

If it is found at step 2110 that the identified 
EBG was high, a check is made at step 2116 to 
see if the value for INS-RCD is less than the value 

so for USL-AMT. Following a positive answer at step 
2116, step 2118 is accessed where the EBG at 
issue is tagged with an explanation identifying it as 
an "unusually low dose." 

At th end of steps 2114 and 2118, as w II as 
55 following a negativ answer at steps 2104, 2106, 
2112, and 2116, st p 2120 is accessed where a 
check is made to see if all identified EBGs have 
been processed, tf th answ r is found to be nega- 
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tive, the program returns to step 2102 for r iterat- 
ing the rest of the program until the answer at step 
2120 is found to be positive. If the answer at step 
2120 is positive, program xecution is continued 
according to the flowchart of FIG. 21 A. 

At step 2122, a check is made to see if all 
EBQs have been accounted for. If the answer is 
y s, a corresponding explanation is constructed at 
step 2124 and the program returns to the calling 
subprogram at step 2126. If the answer at step 
2122 is found to be negative, all EBGs are com- 
piled into a list (identified as EXT-LST) at step 
2128. Next, at step 2130, the program determines 
wheth r all or most EBGs contained in that list 
occur in the same insulin period, and, if so, a 
corresponding explanation is generated. This is ac- 
complished in accordance with a subroutine called 
Exp lain- A which will be described below. 

N xt, at step 2132, the program determines 
wh ther all or most EBGs in the list occur in the 
same time interval of a day, and, if so, a cor- 
r sponding explanation is generated. This is ac- 
complished in accordance with a subroutine called 
Explain-B to be described below. Next, at step 
2134, the program determines if all or most EBGs 
in th list occur in weekdays or on weekends and. 
if so. a corresponding explanation is generated. 

Subsequently, at step 2135, a check is made 
to s e if any explanations have been found. If the 
answ r is found to be positive, step 2136 is acces- 
sed where it is determined whether an explanation 
exists identifying the occurrence of all EBGs in the 
same insulin regimen period. If the answer at step 
2136 is positive, step 2137 is accessed where the 
most relevant change between the identified insulin 
regimen period and an adjacent regimen period is 
identified, and a corresponding explanation gen- 
erated. 

Following step 2137 and if the answer at step 
2136 is negative, step 2138 is accessed where the 
best possible explanations at that point are con- 
structed. More specifically, explanations are or- 
dered according to the number of EBGs covered 
thereby and the top explanations under such a 
ranking are selected. Subsequently, the program 
returns control to the Analyze subprogram at step 
2126. 

If the answer at step 2136 is found to be 
negative, i.e., no explanations are found to exist, 
the extreme values or EBGs are split according to 
insulin regimens and put into corresponding lists 
EXT-LST1 , EXT-LST2, ... EXT-LSTn. This is per- 
formed at step 2140. 

Next, at step 2142, the operations performed in 
accordance with the routin Explain-B (see step 
2132) ar sequentially performed for all EBGs in 
each of these lists. 



The following sequence of operations is de- 
scribed in connection with the flowchart of FIG. 
21 B where, at step 2144, similar operations ar 
performed in accordanc with the routine Explain-C 

5 to be described below. Next, at step 2146, the 
EBGs are split according to time intervals of a day 
and put into corresponding lists. 

Next, at step 2148, the operations correspond- 
ing to the routine Explain-A are performed for each 

io such list. At step 2150, the operations correspond- 
ing to the routine Explain-C are performed for each 
such list. At step 2152, corresponding explanations 
are constructed, and at step 2154, the EBGs are 
split by weekday/weekend days and put into cor- 

75 responding, lists. 

At step 2156, the operations corresponding to 
routine Explain-A are performed for each such list. 
Next, at step 2158, operations corresponding to the 
routine Explain-B are performed for each such list 

20 and, at step 2160, corresponding explanations are 
constructed. 

At step 2162, a check is made to see if any 
explanations are. in fact, present. If the answer hs 
found to be negative, the program returns control 

25 to the Analyze subprogram at step 2164. If. how- 
ever, some explanations are found to exist at step 
2162, step 2166 is accessed where the "best" 
explanations are constructed on the basis of the 
highest number of EBGs covered thereby. 

30 Referring now to FIG. 22, there is shown a 

flowchart illustrating the sequence of operations 
corresponding to the routine Explain-A referred to 
in the flowcharts of FIGS. 21A-B. At step 2200, a 
check is made to see if all the EBGs in the list 

35 being considered fall within the same insulin regi- 
men. If the answer is found to be positive, the 
corresponding explanation is constructed at 2202 
and the program returns to the Analyze subprog- 
ram at step 2204. 

40 If the answer at step 2200 is found to be 

negative, a check is made at step 2206 to see if 
more than a given threshold percentage 
(preferably, about 66.6%) of the EBGs in the list 
fall within the same insulin regimen. If the answer 

45 is positive, a check is made at step 2208 to see if 
the EBGs are also within the same time interval of 
day. If the answer is found to be positive, the 
corresponding explanation is constructed at step 
2210 and step 2212 is accessed where a check is 

50 made to see if these EBGs all fall either within 
weekdays or on weekends. 

If the answer at step 2212 is found to be 
positiv , a corresponding explanation is generated 
at 2214. At the end of step 2214, as well as at the 

55 generation of negative answ rs at steps 2206 and 
2212, th program r turns at step 2204. Furth r, if 
the answ r at st p 2208 is found to be negativ , 
the program reiterat s from step 2212. 

19 
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Ref rring now to FIG. 23, ther is shown a 
flowchart of operations corresponding to the routine 
Explain-B. At step 2300, a check is mad to see if 
all the EBGs in the list correspond to th same 
time interval of day. If the answer is positive, the 
corresponding explanation is constructed at step 
2302 and the program returns to the subprogram at 
step 2304. 

Following a negative answer at step 2300, step 
2306 is accessed where a check is made to see if 
more than a given threshold percentage 
(preferably, about 66.6%) of the EBGs in the list 
fall within the same time interval of a day. If the 
answer is positive, a check is made at step 2308 to 
see if these EBGs also fall within the same insulin 
regimen. If the answer is again positive, the cor- 
responding explanation is constructed at 2310 and 
step 2312 is accessed where a check is made to 
see if the EBGs fall within weekdays or within 
weekends. Next, corresponding explanations are 
constructed at step 2314 following which the pro- 
gram returns to the subprogram at step 2304. 

The program also returns at step 2304 follow- 
ing negative answers at steps 2306 and 2312. In 
addition, if the answer at step 2308 is found to be 
negative, step 2312 and the following steps are 
accessed. 

Referring now to FIG. 24, there is shown a 
flowchart corresponding to the operational se- 
quence for the routine Explain-C. At step 2400, a 
check is made to see if all the EBGs in the list fall 
on weekdays or on weekends. If the answer is 
positive, the corresponding explanation is con- 
structed at step 2402, and the program returns at 
step 2406. 

Following a negative answer at step 2400, step 
2408 is accessed where a check is made to see if 
more than a given threshold percentage (preferably 
about 66.6%) of the EBGs in the list fall either on a 
weekday or on the weekend. If the answer is posi- 
tive, a check is made at step 2410 to see if the 
EBGs also fall within the same insulin regimen. If 
the answer is again found to be positive, a cor- 
responding explanation is constructed at step 2412. 
Subsequently, step 2414 is accessed where a 
check is made to see if the EBGs also fall within 
the same time interval of day and, if so, the cor- 
responding explanation is constructed at step 2416 
before the program returns to the subprogram at 
step 2406. 

Step 2406 is also accessed if the answers at 
steps 2408 and 2414 are found to be negative. 
Further, if the answer at step 2410 Is found to be 
negative, i.e., the EBGs do not fall within the sam 
insulin regimen period, steps 2414 and the follow- 
ing steps ar accessed. 



FIG. 25 is a flowchart illustrating the mann r in 
which the insulin type most likely to have effected 
an extreme blood glucose value is determined. At 
step 2500, th time int rval of a day in which the 

s given EBG occurred is noted. If the time interval is 
found to correspond to breakfasttime, a corre- 
sponding rule set for breakfast EBGs is accessed 
at step 2502. 

If the time interval is found to correspond to 

10 lunchtime, a corresponding rule set for lunch EBGs 
is accessed at step 2504. If the time interval is 
found to correspond to suppertime, a correspond- 
ing rule set for supper EBGs is accessed at step 
2506 and if the time interval is found to correspond 

is to bedtime, a corresponding rule set for bedtime 
EBGs is accessed at step 2508. 

Referring now to FIG. 26, there is an illustration 
of the rule set for breakfast EBGs. The rule set is 
self-explanatory and provides an indication of the 

20 hierarchy according to which the influencing factors 
are identified. For instance, if it is determined that 
bedtime NPH insulin was being taken within the 
relevant time frame for the EBG, that type of insulin* 
is identified as the most influencing factor. If bed- 

25 time NPH insulin was not being taken, the program 
hierarchically tests to see if bedtime LENTE in- 
sulin, supper NPH insulin, supper LENTE insulin, 
bedtime regular insulin, lunch NPH insulin, lunch 
LENTE insulin, breakfast NPH insulin, or breakfast 

30 LENTE insulin was being taken. Following the pres- 
ence of any such factors, the corresponding type 
of insulin is identified as being the most influencing 
factor. 

FIG. 27 shows a similar rule set applicable to 

35 lunch EBGs. In this case, the influencing factor 
hierarchy begins with breakfast regular insulin and 
continues down through bedtime NPH, bedtime 
LENTE, breakfast NPH, breakfast LENTE, supper 
NPH, supper LENTE, lunch NPH, and lunch 

40 LENTE types of insulin. 

Referring now to FIGS. 28-28A, there are 
shown flowcharts identifying the manner in which 
blood glucose results are determined and tabulated 
in accordance with step 1908 of the Analyze rou- 

45 tine of FIG. 19. At step 2800, the program takes 
steps for performing a series of processing oper- 
ations for each time interval within each day at 
issue. At step 2802, the BG target range is found. 
At step 2804, the corresponding mean and stan- 

50 dard deviation is calculated. At step 2806, the 
distance "MD" between the mean and the nearest 
end of the target range is calculated. 

At step 2808, a determination is made as to 
whether or not (i) th calculated mean exceeds th 

55 upper end of the target range and (ii) a specified 
thr shold percentage (pr ferably 8%) or mor of 
th BGs in th time int rval ar hypoglycemic, i. ., 
at a I vel less than 60 mg/dl. If the answ r is found 
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to be negative, step 2810 is accessed where a 
determination is made as to whether or not (i) the 
calculated mean exceeds the upper end of the 
target range and (ii) a thr shold percentage 
(pr f rably 8%) or more of the BGs have a value 
less than the sum of 60 plus the value MD mg/dl. If 
the answer at step 2810 is found to be positive, 
statements of complicating factors and number of 
potential hypos are constructed at step 2812. 

If the answer at step 2808 is found to be 
positive, corresponding statements of complicating 
factors and number of actual hypos are constructed 
at step 2809. At the end of steps 2809 and at the 
generation of a negative answer at step 2810, step 
2814 is accessed where corresponding descrip- 
tions of BGs in the time interval at issue are 
generated. In particular, the mean is identified as 
being too high, too low or within range and the 
standard deviation is identified as being too wide, if 
that is found to be the case. 

Subsequently, at step 2816, a BG value iden- 
tified as HI-95 is determined by first discarding the 
top 5% of the BGs associated with the time interval 
after they have been ranked in terms of highest to 
lowest values, and then picking the highest BG 
value to be HI-95. Similarly, at step 2818, a BG 
value identified as LO-5 is extracted by first dis- 
carding the bottom 5% of the BGs after they have 
been similarly ranked and then picking the lowest 
BG value to be LO-5. Next, at step 2820, a deter- 
mination is made as to whether or not the HI-95 
and LO-5 BGs are outside a consistent threshold. If 
the answer is found to be positive, step 2822 is 
accessed (see FIG. 28A) where the BGs in the time 
interval are grouped according to insulin regimens 
and time intervals within each regimen, and at step 
2824, the mean and standard deviation are cal- 
culated for each new group. 

Subsequently, step 2826 is accessed where 
the analysis of variance (ANOVA) test is performed 
to identify a statistically significant change in BGs. 
At step 2828, a check is made to see if any 
ANOVA test result was positive. If the answer is 
found to be positive, step 2830 is applied where 
pred fined screen rules are applied to filter out 
non-clinically significant changes. Details about 
these screen rules are described below with refer- 
ence to FIG. 30. Next, at step 2832, the remaining 
significant changes are analyzed to find the most 
relevant insulin changes between two correspond- 
ing insulin regimens. This function Is preferably 
performed according to the flow sequence de- 
scribed above in connection with sub-routine of 
FIG. 25. 

Following st p 2832, as w II as if all th AN- 
OVA tests at step 2828 ar found to be negativ , 
st p 2834 is accessed wh re the r suits g nerated 
to that point ar saved in th Main system mem- 



ory. Next, at step .2836, a check is mad to see if 
all time intervals have been analyzed. If the answer 
is negative, the program returns to step 2802 and 
xecutes all following steps sequentially. If the an- 
5 swer is found to be positive, the program returns at 
step 2838. 

Referring now to FIGS. 29-29B, the operational 
sequence involved in executing the Format module 
is described in detail and generating the IDDI data 

io interpretation report described above in connection 
with FIGS. 2-12. At step 2900, text strings and 
control commands are written for generating the 
"Global Summary" section of the data interpreta- 
tion report along with brief descriptions of the over- 

75 all glycemic control. Next, at step 2902, text strings 
and graphic control commands are written for gen- 
erating the "Insulin Dose Summary" section of the 
data interpretation report along with the associated 
insulin table. 

20 Next, at step 2904, text strings and graphic 

control commands are written for the "Glucose 
Measurement Summary" section of the data inter- 
pretation report including daily high, average and 
low BGs, daily BG test information, extremely high 

25 and low readings, target range, insulin regimen 
periods, and life-style markers, if any. 

Subsequently, at step 2906, text strings and 
graphic control commands are written for generat- 
ing the "BG Summary" section of the data inter- 

30 pretation report along with comments on the mean 
and spread in the time intervals of a day, distance 
from goat in each time interval, and complicating 
factors in each time interval. 

Next, at step 2908, text strings and graphic 

35 control commands are written for generating the 
"BG By Meal Time" section of the data interpreta- 
tion report along with the associated mean, stan- 
dard deviation and target according to the five time 
intervals, histograms in each time interval, and the 

40 number of hypos and tests in each time interval. 

Next, at step 2910, text strings and graphic 
control commands are written for generating the 
"BG By Weekday Versus Weekend" section of the 
data interpretation report along with the associated 

45 information. 

Next, at step 2912, a check is made to see if 
there are any tokens identifying significant changes 
in overall BG levels. If the answer is positive, text 
strings and graphic control commands are written 

so for generating the "Overall BG Summary" section 
of the data interpretation chart along with the most 
relevant insulin changes for corresponding regimen 
periods, associated mean, standard deviation, num- 
ber of hypos and tests in each corresponding regi- 

55 men, and the histogram for each corresponding 
regim n. 
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At the end of step 2914 and following a nega- 
tive answ r at step 2912, step 2916 is accessed 
wher a check is made for the pres nee of tokens 
corresponding to a significant change in breakfast 
BG levels. If the answer is found to be positive, t xt 
strings and graphic control commands are written 
at step 2918 for generating the "Breakfast" section 
of the data interpretation chart along with the asso- 
ciated information. 

At the end of step 2918 and following a nega- 
tive answer at step 2916, step 2920 is accessed 
where a check is made for the presence of tokens 
corresponding to a significant change in lunch BG 
levels. If the answer is found to be positive, step 
2922 is accessed where text strings and graphic 
control commands are written for generating the 
"Lunch" section, of the data interpretation report 
along with the associated information. 

At the end of step 2922 and following a nega- 
tive answer at step 2920, a check is made at step 
2924 for the presence of tokens corresponding to a 
significant change in supper BG levels. If the an- 
swer is found to be positive, text strings and graph- 
ic control commands are written for generating the 
"Supper" section of the data interpretation report 
along with the associated information. 

At the end of step 2926 and following a nega- 
tive answer at step 2924, a check is made at step 
2930 (see FIG. 29B) for the presence of tokens 
identifying a significant change in bedtime BG lev- 
els. If the answer is found to be positive, text 
strings and graphic control commands are written 
for generating the "Bedtime" section of the data 
int rpretation report along with the associated in- 
formation. This is accomplished at step 2932. At 
th end of this step, as well as following a negative 
answer at step 2930, step 2934 is accessed where 
a check is made for the presence of tokens cor- 
responding to the presence of extremely high or 
low BGs. 

If the answer at step 2934 is found to be 
positive, text strings and graphic control commands 
are written for generating the "Extreme Values" 
section of the data interpretation report along with 
th associated data shown. This is accomplished at 
step 2936 at the end of which, as well as following 
a negative answer at step 2934, the program re- 
turns in normal mode at step 2938. 

Referring now to FIG. 30, there is shown a 
flowchart illustrating the manner in which screen 
rules based on clinical knowledge are used for 
filtering the statistically significant blood glucose 
values identified following the performance of the 
series of ANOVA tests in order to focus only upon 
the clinically significant blood glucose r suits. It 
should be noted that the bjectiv behind the filter- 
ing operation is to suppr ss th presentation of 
positive ANOVA results in th data interpretation 



report where the identified changes are statistically 
significant but clinically irrelevant, so that the re- 
viewing physician is not presented with data which 
is likely to be of littl assistance in therapeutic 

5 decision making. Such clinically irrelevant results 
are not included in the graphical section of the data 
interpretation report although the associated statis- 
tical results may still be useful in pursuing addi- 
tional data analyses. 

io In essence, the screen rules are based on 

advice from clinical experts as to how different do 
blood glucose values need to be in order to be 
clinically interesting. It was found that the size of a 
clinically significant difference depends on the lo- 

15 cation of the mean blood glucose values and the 
patient's target range. For instance, mean blood 
glucose readings in the upper ranges (preferably, 
greater than 250 mg/dl) may differ by a larger 
amount than mean blood glucose readings at lower 

20 ranges before becoming clinically relevant, in pa- 
tients attempting to achieve "tight control" 
(corresponding to blood glucose readings, for in- 
stance, between 80 and 120 mg/dl), smaller differ- 
ences in mean blood glucose readings are more 

25 relevant than in patients attempting to achieve 
mere "fair control" (for instance, blood glucose 
readings between 100 and 160 mg/dl). 

As described above, the ANOVA tests identify 
statistical differences in two or more sets of blood 

30 glucose values, each set having an associated 
mean and standard deviation in these values. Ac- 
cording to a feature of this invention, the clinical 
relevance of a positive ANOVA result is examined 
by studying the absolute differences between the 

35 highest and lowest mean blood glucose values for 
corresponding groups of readings in adjacent in- 
sulin regimens. As shown in FIG. 30, following the 
occurrence of a positive ANOVA test result, a set 
of parameters, including the absolute differences 

40 between the higher and lower compared mean 
blood glucose values, are identified at step 3000. 
More specifically, a difference mean value DM is 
calculated as being equal to HI_M - LO_M, where 
HI_M and LO_ M correspond respectively to the 

45 higher and lower ones of a mean value M1 cor- 
responding to the mean BG for a group in an 
insulin regimen and a mean value M2 correspond- 
ing to the mean BG for a corresponding group in 
the adjacent insulin regimen. At this stage, a dif- 

50 ference target value DT is identified as the dif- 
ference between high and low target values cor- 
responding to the patients BG control goal. 

Subsequently, at step 3002, the first screen 
rul is applied, whereby the positiv ANOVA result 

55 is ignored if th diff rence between the higher and 
lower mean BG, i.e., DM, is found to be less than 

50 mg/dl and th lower mean value BG LO M is 

found to be gr ater than 200 mg/dl. Thus, if the 

22 



NSOOOD: <EP_0483»5A2J_> 



41 



EP 0 483 595 A2 



42 



rule condition at step 3002 is satisfied, step 3010 is 
accessed, where the positive ANOVA r suit is ig- 
nored and the program r turns to continue with the 
rest f the data interpr tation analyses. 

The second screen rule is applied at step 
3004, whereby the associated ANOVA result is 
ignored if the difference mean value DM is found to 
be less than 20 mg/dl and the lowest mean BG 
LO_M is found to be between 100 mg/dl and 200 
mg/dl. Again, if the rule condition is satisfied, step 
3010 is accessed. 

The third screen rule is applied at step 3004, 
whereby the associated ANOVA result is not ig- 
nored if the lowest mean BG LO M is found to be 

less than 100 mg/dl. tf this rule condition is satis- 
fied, the change associated with the ANOVA result 
is id ntified as being clinically relevant and the 
program returns at step 3010, and the associated 
graphical section of the data interpretation report is 
generated subsequently. 

The fourth screen rule is applied at step 3008, 
whereby, in the case where "tight control" is being 
attempted, as indicated by the difference target 
value DT being less than a predefined threshold 
value (for instance, about 40 mg/dl), a difference 
mean value DM greater than 20 mg/dl is reported 
irrespective of the size of the actual mean BG 
values. Thus, if the rule at step 3008 is satisfied, 
the associated ANOVA result is not ignored and the 
program returns at step 3010, and the associated 
graphical section of the data interpretation report is 
generated subsequently. 

Following the application of the fourth screen 
rule, a default rule is applied at step 3009 to 
determine if all four previous rules have not been 
satisfied and, if so, the associated ANOVA result is 
not ignored and is identified as being clinically 
significant The program returns at step 3010 and 
the associated graphical section of the report is 
subsequently generated. 

It should be noted that the threshold blood 
glucose values identified in the screen rules shown 
at st ps 3002-3008 are provided for illustrative pur- 
poses only, and may be varied in accordance with 
application-specific and patient-specific factors. 

Claims 

1. A method for automated diabetes data inter- 
pretation by processing recorded diabetes pa- 
tient data, including data corresponding to 
blood glucose levels and insulin therapy for a 
diabetic patient taken over a period of time, 
said interpretation method comprising the 
steps of: 

i) downloading said diabetes data including 
glucose/insulin data from a glucos met r 
or th like; 



ii) processing said diabet s data to 

a) identify insulin intake r gimens cor- 
responding to predefined significant 
changes in insulin therapy which are sus- 

5 tained for at least a predefined segment 

of said time period, 

b) identify resulting statistically signifi- 
cant changes in glucose levels within 
said identified insulin regimen periods, 

io and 

c) identify clinically significant changes in 
glucose levels from said identified statis- 
tically significant changes; 

and 

is iii) generating an output highlighting the re- 

sults of said diabetes data processing step, 
including details pertaining to said identified 
insulin regimens and said clinically signifi- 
cant changes in glucose levels. 

20 

2. The automated diabetes data interpretation 
method according to claim 1 wherein the step 
of processing further includes the step of iden- 
tifying the most significant insulin change as- 
25 sociated with each identified clinically signifi- 

cant glucose change. 
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FIG. ? 

Global Summary: 

♦ There were < insulin repmens of which 3 statistically bad different effects on blood (I u cote v slues overall and 
at lunch, supper and bedtime. 

♦ The average blood glucose of 133 mg/dl was higher than the upper limit of the patient's prescribed target 
range of 120 mg/dl. 

• No blood glucose values above 375 mg/dl were recorded. 

• Extremely low (below 40 mg/dl) blood glucose values occurred at lunch and bedtime. 



FIG. 3 

Insulin Dose Summary: 
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Flfi. 4 



Glucose Measurement Summary: 




i Average weekday blood glucoae (rag/dl) ahowing daily range - Extreme high (J7i mg/dl) 

f Averse weekend day blood glucose (mg/dl) • bowing daily range Target ruige (70-130 mf/dl) 

v Day contains a reading below extreme ru|c - Extreme Low (40 ng/dl) 

* Day contains & reading above extreme rnngc 

• Day contains hypoglycemic i/mpiomi 
o+/.Day contain* incrcajc/decrcnac in food 

• ♦/- Day contains increasc/decrcaac in insulin 
c. Day contain a exercise 



FIG. 5 



DG Summary: 

Qualitative Summary 
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FIG. 6 

BG by Mealtime: 
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FIG. 7 

BG by Weekday vs. Weekend; 
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FIG . 8 
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FIG. 9 



Lunch: 



Aopb *i br«*kJ**i 



+ uuulib *i lunch 
tad cupper 







A 1 
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1 
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Supper: 



<+iruulifl Mi lunch 
tnd tupptr 







* 
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B 
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1 

e 
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FIG. 1? 



Extreme Values: 





Extremely Low Values 


Discussion 






Three-Day Plot 




All low luDcii blood glucose 
values during insulin re giro en 
C (10/8/68-1/26/89). may hsve 
been cauied by changing reg in- 
suiin from 0 units at bre&lcfasl in 
B (7/20/88-10/6/85) ic 6 uniu in 
C. The low bed tunc blood glu- 
cose values daring insulin regi- 
men C (10/8/86-1/26/89). may 
have been caused by changing rcg 
insula* from 0 uoiis at supper in 
B (7/20/68-10/6/88) to 6 uniu in 
C. 
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fk;. 13 



USER 



i 



30 



IDDI-MAJN 



METER 
32 




y40 



EDDI STATUS 



DDI-READER 



IDDI-PROLOG 



^1 



50 



1DDI-PR1NTER 



REPORT^ 



^1 



IDDI-DVTALW 



IDDI-VIRTEX 



FIG. 14 













Comm&nd Module 


— T — 
















SB 












Ioitiaitze 








Report 




Pbr&se-db 




Format 


> 


V 

> 




t 




















D&Ubue 



64- 



SZ 
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FIG. 15 



START 



1500 



SETS UP MENUES, 
WINDOWS, AND DIALOG 
BOXES. 



1512 



.1502 



DDDI-READER: 

GETS PATIENT NAME. 

READS PATIENT DATA 

FROM METER. 

OUTPUT FILE - 

<PATEENT_NAME>.METER 



IDDI-PROLOG: 
ANALYZES DATA. 
P REPAIRS REPORT IN 
TEX" FORMAT 
OUTPUTFDLE - 
<PATTENT_NAME>.TEX 




IDDI-VIRTEX: 
rTRANSLATES TEX FILE 
INTO "DVT FORMAT. 
OUTPUT FILE - 
<PATEENT_NAME>.DVI 




1514 



IDDI-DVIALW: 
ITRAN SLATES DVI FILE 
INTO POSTSCRIPT 
FORMAT. 
OUTPUT FILE - 
<PATTENT_NAME>.D V I- 
ALW. 



-1516 




.1518 



[DDI-PRINTER: 
READS POSTSCRIPT FILE 
AND PRINTS AT A LASER 
PRINTER. 



1520 



YES 




END 



1524 



ERROR MESSAGES. 
QUITS. 
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FIG. 16 



CALL IDDI- READER 



C DISPLAYS A DIALOG 
BOX FOR PATIENT 
NAME OR CANCEL 



1600 

CANCEL 



<PATTENT NAME> 

1602 



STORES NAME IN A 
MODE FILE 



1604 

( DISPLAYS A DIALOG ^ 
BOX FOR READING DATA 
FROM A METER OR AN 
ASCII FILE 



FILE 



METER 



1606 



DUMPS METER DATA INTO 
FILE 

<PATIENT_NAME>.METER 




YES 



1610 




I6i2 
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FIG. 17 



CALL IDDI-PROLOG 

1 .1700 



INITIALIZE: 
PREPROCESSES DATA, 
BUILDS A DATABASE 
<PATTENT_NAME>.DB 



/1702 



ANALYZE: 

FINDS INSULIN REGIMEN 
PERIODS. GROUPS BGS, 
CALCULATES STATISTICS, 
ANOVA TESTS. FINDS 
EXTREMELY HIGH. LOW BGS 
AND EXPLANATIONS. 



I 



^,1704 



REPORT* 

PRODUCES A STRING OF 
CONCEPT AND CONTROL 
TOKENS FROM THE ANALYSIS 
RESULTS 



1706 



PHRASE-DB: 
ALL TOKENS WITH 
ASSOCIATED VALUES HIGHER 
THAN A THRESHOLD ARE 
PROCESSED AND THE OTHERS 
ARE DISCARDED. PROCESSED 
TOKENS ARE TRANSLATED 
INTO TEXT STRINGS. 



1708 



FORMAT: 

WRITES TEXT STRINGS AND 
GRAPHIC CONTROL 
COMMANDS INTO THE FILE 
<PATTENT_NA MExTEX 



A1\0 



RETURN 
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FIG. 18 



CALL INITIALIZE 



4800 



CLEAR GLOBAL DATA 
STRUCTURES 




READS A RECORD FROM 
DATA FILE 

<PATTENT NAME>. METER 



1808 



ASSIGNS A UNIQUE KEY TO 
THE DAY, TIME INTERVAL IN 
THE DAY, AND THE READING 



1810 



ATTACHES THE KEY OF 
RELEVANT TIME 
INTERVAL TO THE READING 



J. 



1812 



ATTACHES THE KEY OF THE 
READING TO A GROUP LIST 
(E.G., LUNCH TIME LIST) 




1814 



1816 



WRITES ALL THE KEYED 
DATA ITEMS INTO DATABASE 
<PATTENT NAME>.DB 



4803 



LOADS 

<PATTENT NAME>.DB 



iS04 



RETURN 
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FIG. 19 



CALL ANALYZE 



1900 



BG.SUMMARY: 
CALCULATES THE FOLLOWS 
FOR EACH DAY 
•TIME INTERVAL IN A DAY OF 

THE BG READINGS 

HIGHEST, LOWEST AND 

AVERAGE OF THE BGS 
• EXTREMELY HIGH (>375 

MG/DL) AND EXTREMELY LOW 

(<40MG/DL) 



1902 



INSULIN_DOSE_INFO: 
BUILDS INSULIN TABLE OF 
|2 - 6 INSULIN REGIMEN 
PERIODS USING 
HIERACHICAL-R FT F.VANCE 
ALGORITHM 



1904 



IGLYCEMIC CONTROL 
(INSULIN): 

GROUPS BGS ACCORDING TO 
INSULIN REGIMEN PERIOD 
\ FOR EACH GROUP, CALCU- 
LATES 
-MEAN 

- STANDARD DEVIATION 

- # OF BGS ABOVE TARGET 
RANGE 

- # OF BGS WITHIN TARGET 
RANGE 

- # OF BGS BELOW TARGET 
RANGE 

- # OF HYPOGLYCEMIC 
READINGS (< 60 MG/DL) 



i 



1906 



IGLYCEMIC CONTROL 

(WEEKDAY): 
|» GROUP BGS ACCORDING TO 

WEEKDAY / WEEKEND 
h FOR EACH GROUP. CALCU- 
LATES 
-MEAN 

- STANDARD DEVIATION 

- # OF BGS ABOVE TARGET 
RANGE 

- # OF BGS WITHIN TARGET 
RANGE 

- # OF BGS BELOW TARGET 
RANGE 

- # OF HYPOGLYCEMIC 
READINGS (< 60 MG/DL) 



1908 



BG.RESULTS: 

|* FINDS TARGET RANGE. MEAN 
AND STANDARD DEV OF BGS 
IN EACH TIME INTERVAL OF A 
DAY 

h ANOVA TEST FOR SIGNIFI- 
CANT CHANGES IN BG 
h GENERATES DESCRIPTIONS 



1910 



EXTREME. VALUES : 

FOR EACH EXTREMELY HIGH 

OR LOW BG, 

• FINDS EXPLANATIONS (CALL 

EXPLANATION ) 
I* GENERATES THREE-DAY PLOT 

TOKENS 



1912 



RETURN 
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FIG. 20A 



CALL INSULIN_DOSE_INFO 



2000 



STARTS WITH A SINGLE RUN 
OF ALL DAYS (A SINGLE 
INSULIN REGIMEN PERIOD) 



/ 



2010 



2002 



SCANS FROM THE FIRST DAY 
TO THE LAST DAY OF THE 
RUN. 

SPLITS THE RUN AT THE 
DAYS WHEN A SUSTAINED 
CHANGE FROM SINGLE TO 
MULTIPLE SHOTS OF 
INSULIN PER DAY, OR VICE 
VERSA, IS DETECTED. 
NOTE: A SUSTAINED CHANGE 
IS A DIFFERENCE THAT 
OCCURS IN THREE OR MORE 
CONSECUTIVE DAYS. 



# OF RUNS 
(FROM Ri) OF THREE 
OR MORE DAYS 
> 1 ? 

NO 



.YES 



,2014 



2015 



TO THE LAST DAY OF Ri. 
SPLITS THE RUN AT THE 
DAYS WHEN A SUSTAINED 
CHANGE IN AMOUNT OF 
INTERMEDIATE-ACTING 
INSULIN IS DETECTED. 



AT 




RE-STARTS WITH A SINGLE 
RUN OF ALL DAYS 



6 



£ 



2006 



FOR EACH RUN, Ri. EN WHICH 
A SINGLE SHOT WAS BEING 
TAKEN DOES (2008 - 2020): 



KcVWS WiOM '1 HK HRST MV 



TO THE LAST DA Y OF Ri . 
SPLITS THE RUN AT THE 
DAYS WHEN A SUSTAINED 
CHANGE IN AMOUNT OF 
SHORT-ACTING INSULIN IS 
DETECTED. 



/2019 



2008 



bJCANS l-ROM THt; MUST DA'V 
TO THE LAST DAY OF Ri. 
SPLITS Ri AT THE DAYS WHEN 
A SUSTAINED CHANGE IN 
AMOUNT OF LONG-ACTING 
INSULIN IS D ETECTE D. 



# OF RUNS 
(FROM Ri) OF THREE 
OR MORE DAYS. 
> 1 ? 

NO 



YES 



/ 2 



020 



RE-COMBINES SPLIT Ri 



2012 



[RETURN WHEN ALL Ri's DONE 
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2024 



FIG. 201$ 



wcans mM Trtt: vmv day 

TO THE LAST DAY OF THE 
RUN. 

SPLITS THE RUN AT THE 
DAYS WHEN A SUSTAINED 
CHANGE IN NUMBER OF SHOTS 
IS DETECTED. 



2035 




RE-STARTS WITH A SINGLE 
RUN OF ALL DAYS 



.2031 



bCANW 1-RUM IhH J-1RST DAY 
TO THE LAST DAY OF THE 
RUN. 

SPLITS THE RUN AT THE 
DAYS WHEN A SUSTAINED 
CHANGE IN AMOUNT OF LONG- 
ACTING INSULIN IS DETECTED. 



RE-STARTS WITH A SINGLE 
RUN OF ALL DAYS 



.2034 



{SCANS ' 1-RUM ' I ' HK FIRST DAY 
TO THE LAST DAY OF THE 
RUN. 

SPLITS THE RUN AT THE 
DAYS WHEN A SUSTAINED 
CHANGE IN AMOUNT OF 
INTERMEDIATE-ACTING 
INSULIN IS DETECTED. 



.2036 



RE-STARTS WITH A SINGLE 
RUN OF ALL DAYS 



.2038 



SCANS FROM THE FIRST DAY 
TO THE LAST DAY OF THE 
RUN. 

SPLITS THE RUN AT THE 
DAYS WHEN A SUSTAINED 
CHANGE IN AMOUNT OF 
SHORT-ACTING INSULIN IS 
DETECTED. 



2040 




2042 



RE-COMBINES THE POSSIBLY 
SPLITTED RUN. 



2028 



RETURN 
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CALL EXPLANATION 



FIG. 21 



NO 



NO 



2100 



FOR EACH EXTREME BG 
RECORD EBG, DO THE 
FOLLOWING 



MOST_INFLNC_INSULIN: 
DETERMINES THE KIND 
(TD. TP) OF INSULIN MOST 
LIKELY AFFECTING EBG. 
TD = TIME INTERVAL OF A 
DAY 

TP = TYPE OF INSULIN 



I 



2102 



2104 



IS THERE AN INSULIN 
RECORD - INS.RCD - PRIOR 
TO EBG MATCHES (TD. TP)? 



YES, 



2106 



IS THERE AN AMOUNT OF 
INSULIN - USL.AMT - GIVEN 
AT LEAST 75% TIMES IN 
ALL TD AND OF TYPE TP IN 
THE REGIMEN PERIOD OF 
BG? 



C 



YES+ 



2110 



IS EBG EXTREME HIGH 
OR LOW? 



HIGH 




2116 



2112 



INS.RCD < USL.AMT 7 



YES+ 



INS RCD > USL_AMT ? 



2118 



TAG EBG WITH "UNUSALLY 
LOW DOSE" EXPLANATION 



c 



YES^ 



2114 



[TAG EBG WITH "UNUSALLY 
HIGH DOSE" EXPLANATION 



T 



2120 



ALL EXTREME BGS 
PROCESSED ? 



YESl 
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,2122 



NO 



ARE ALL EXTREME BGS 
ACCOUNTED FOR ? 



J 



YES 



2124 



CONSTRUCTS 
THE EXPLANATION 



1 



2128 



PUTS ALL EXTREME BGS 
IN A LIST EXT LIST 



2130 



EXPLALN_A ( EXT_LIST ): 
FINDS EXPLANATIONS 
REGARDING EXTREMES 
OCCURLNG EM THE SAME 
INSULIN REGIMEN PERIOD, 
FOR ALL THE EXTREMES 
IN EXT.LIST 



I 



2132 



EXPLAJN_B( EXT.LIST ): 
FINDS EXPLANATIONS 
REGARDING EXTREMES 
OCCURING IN THE SAME 
TIME INTERVAL OF A DAY, 
FOR ALL THE EXTREMES 
IN EXT.LIST 



I 



2134 



EXPLAIN_C( EXT.LIST ): 
FINDS EXPLANATIONS 
REGARDING EXTREMES 
OCCURING IN WEEKDAY / 
WEEKEND, FOR ALL THE 
EXTREMES IN EXT_LIST 



C 



2135 



ARE THERE ANY 
EXPLANATIONS ? 



" \NO 



Jl yes 



I 



FIG. 21A 



2136 



IS THERE AN EXPLANA- ^ 
TTON SUCH THAT ALL 
EXTREMES OCCUR IN THE 
SAME INSULIN REGIMEN 
V PERIOD 9 



NO 



I 



YES 



2137 



FINDS MOST RELEVANT 
CHANGES BETWEEN THIS 
REGIMEN AND THE 
PREVIOUS (AND / OR NEXT) 
REGIMEN. CONSTRUCTS 
AN EXPLANATION 
ACCORDINGLY 



1 



2138 



CONSTRUCTS BEST 
EXPLANATIONS (EXPLA- 
NATIONS ARE ORDERED 
ACCORDING TO # OF 
EXTREMES COVERED. THE 
TOP ONES ARE SELECTED) 



RETURN 



2126 



2140 



SPLITS EXTREMES BY 
INSULIN REGIMEN. AND 
PUTS INTO EXT.LIST1 . 
EXT LIST2, ... EXT LISTn 



2142 



FOR EACH EXT LISTi DOES: 
EXPLAIN_B( EXT LISTi ): 
FINDS EXPLANATIONS 
REGARDING EXTREMES 
OCCURING LN SAME TIME 
INTERVAL OF A DAY. FOR 
ALL THE EXTREMES LN 
EXT_LISTi 
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2144 



FOR EACH EXT_LISTi DOES: 
EXPLAIN _C{ EXT_LISTi ): 
FINDS EXPLANATIONS 
REGARDING EXTREMES 
OCCURING EN WEEKDAY / 
WEEKEND. FOR ALL THE 
EXTREMES IN EXT LISTi 



I 



:i46 



SPLITS EXTREMES BY 
TIME INTERVAL OF A DAY, 
AND PUTS INTO EXT_LIST1. 
EXT_LIST2, ... EXT_LISTn 



2148 



FOR EACH EXT_LISTi DOES: 
EXPL.MN_A( EXT_LISTi ): 
FINDS EXPLANATIONS 
REGARDING EXTREMES 
IOCCURING IN SAME 
INSULIN REGIMEN PERIOD, 
FOR ALL THE EXTREMES IN 
EXT.LISTi 



2150 



FOR EACH EXT_LISTi DOES: 
EXPLAEN_C( EXT_LISTi ): 
FENDS EXPLANATIONS 
REGARDING EXTREMES 
OCCURING IN WEEKDAY / 
WEEKEND, FOR ALL THE 
EXTREMES IN EXT LISTi 



CONSTRUCTS 
EXPLANATIONS 



2152 



i 



2154 



SPLITS EXTREMES BY 
WEEKDAY / WEEKEND, 
AND PUTS INTO EXT_LISTI, 
EXT_LIST2, ... EXT.LISTn 



6 



Fir;. 21 n 



2 1 56 



FOR EACH EXTLlSTi DOES: 
EXPLAIN_A( EXT.LJSTi ): 
FINDS EXPLANATIONS 
REGARDING EXTREMES 
OCCURING IN SAME 
INSULIN REGIMEN PERIOD. 
.FOR ALL THE EXTREMES IN 
EXT LISTi 



215K 



FOR EACH EXT_LISTi DOES: 
EXPLAIN_B( EXT.LISTi ): 
FINDS EXPLANATIONS 
REGARDING EXTREMES 
OCCURING IN THE SAME 
TIME INTERVAL OF A DAY, 
FOR ALL THE EXTREMES IN 
EXT LISTi 



2160 



C 



CONSTRUCTS 
EXPLANATIONS 



ARE THERE ANY 
EXPLANATIONS? 



1162 



| YES 



2 ! (S6 



CONSTRUCTS BEST 
EXPLANATIONS (EXPLA- 
NATIONS ARE SELECTED 
ACCORDING TO # OF 
EXTREMES COVERED) 



2164 



RETURN 
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NO 



CALL EXPLAIN A 



I 



2200 



ARE ALL THE EXTREMES IN 
THE LIST IN SAME INSULIN 
REGIMEN PERIOD ? 



YES | 



2202 



CONSTRUCTS EXPLANATION 



FIG. 22 



1 



2206 



ARE MOST (> A GIVEN PER- ^ 
CENTAGE) EXTREMES IN THE 
LIST IN SAME INSULIN 
REGIMEN PERIOD ? 



NO 



I 



YES 



2208 



ARE THESE EXTREMES 
ALSO IN SAME TIME 
INTERVAL OF A DAY? 



NO 



^ YES 



2210 



CONSTRUCTS EXPLANATION 



v. 



1 <L 

ARE THESE EXTREMES ALSO 
ON WEEKDAY / WEEKEND ? 



2212 



NO 



| YES 



2214 



CONSTRUCTS EXPLANATION 



2204 



RETURN 
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NO 



FIG. 23 



CALL EXPLAIN.B 



f ARE ALL THE EXTREMES IN 



2300 



THE UST IN SAME TIME 
INTERVAL OF A DAY ? 



YES^ 



2302 



CONSTRUCTS EXPLANATION 



1 



_Z 



2306 



f ARE MOST (> A GIVEN PER- ^ 
CENTAGE) EXTREMES IN THE 
LIST IN SAME TIME INTER VALf 
OF A DAY? 



NO 



I 



YES 



2308 



C ARE THESE EXTREMES ALSO ^ 
IN SAME INSULIN REGIMEN 
PERIOD ? 



NO 



| YES 



2310 



CONSTRUCTS EXPLANATION 



2312 



ARE THESE EXTREMES ALSO 
ON WEEKDAY / WEEKEND ? 



NO 



\ YES 



2314 



CONSTRUCTS EXPLANATION 



^230 4 



RETURN 



OCXaD: <EP_0483S9SA2J_> 



43 



EP 0 483 595 A2 



FIG. 

CALL EXPLAIN_C 

^2400 



YES + ^2402 



( ARE ALL THE EXTREMES EN 
NO THE LIST ON WEEKDAY 
~ / WEEKEND ? 



CONSTRUCTS EXPLANATION 



2408 



f ARE MOST (> A GIVEN PER 
CENTAGE) EXTREMES EN THE 
LIST ON WEEKDAY / 
WEEKEND ? 



NO 



YES ^24 10 



f ARE THESE EXTREMES ALSO^ NO 
IN SAME INSULIN REGIMEN 
PERIOD ? 



I 



YES 



2412 



CONSTRUCTS EXPLANATION 



!414 



ARE THESE EXTREMES ALSO 
EN SAME TIME INTERVAL OF 
A DAY ? 



NO 



| YES 



1416 



CONSTRUCTS EXPLANATION 



^2406 



RETURN 
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FIG. 25 



CALL MOST_INFLNC_INSULIN 



2500 



TIME INTERVAL OF A DAY IN WHICH 
THE GIVEN EXTREME BG OCCURED 



BREAKFAST 



2502 



RULE SET FOR BREAKFAST 
EXTREME BGS 



LUNCH 



RULE SET FOR LUNCH 
EXTREME BGS 



2504 



SUPPER 



RULE SET FOR SUPPER 
EXTREME BGS 



2506 



BEDTIME 



RULE SET FOR BEDTIME 
EXTREME BGS 



2508 
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RULE SET FOR BREAKFAST 
EXTREME BG 



FIG. 26 



AXING BEDTIME NPH? 

| NO "" 

> 

TAKING BEDTIME LENT? 

. ' 

1 NO 

T > 

TAKING SUPPER NPH ? 



i YES 




BEDTIME NPH IS THE MOST 
UENCING FACTOR 



YES 



BEDTIME LENT IS THE MOST 
+ INFLUENCING FACTOR 



YES SUPPER NPH IS THE MOST 
* INFLUENCING FACTOR 



NO 



TAKING SUPPER LENT ? 

^ — 1 

+ NO 

r • 

TAKING BEDTIME REG ? 
V 

| NO 



YES SUPPER LENT IS THE MOST 



INFLUENCING FACTOR 



YES BEDTIME REG IS THE MOST 
► INFLUENCING FACTOR 



YES 



TAKING LUNCH NPH ? 
| NO 




1 LUNCH NPH IS THE MOST 
NFLUENCING FACTOR 



+ NO 



~ Y 

NT?J- 



YES LUNCH LENT IS THE MOST 
TAKING LUNCH LENT ?| INFLUENCING FACTOR 



TAKING BREAKFAST 
NPH ? 



YES 



r 



\ NO 



BREAKFAST NPH IS THE 
MOST INFLUENCING 
FACTOR 



TAKING BREAKFAST 
LENT? 



J YES 



BREAKFAST LENT IS 
THE MOST 

INFLUENCING FACTOR 



NO 



1 



RETURN 
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RULE SET FOR LUNCH 
EXTREME BGS 

f TAKING BREAKFAST " 
REG? 



FIG. 27 



YES 



6 

C 



+ NO 



BREAKFAST REG IS THE 
MOST INFLUENCING 
FACTOR 



AKING BEDTIME NPH ? 



YES 



BEDTIME NPH IS THE MOST 
UNFLUENCING FACTOR 



NO 



AKING BEDTIME LENT? 



| NO 



TAKING BREAKFAST 
NPH ? 



YES 
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FIG. 28 



CALL BG RESULTS 



2800 



f FOR EACH TIME INTERVAL 
A DAY (BREAKFAST, LUNCH, 
SUPPER, BEDTIME AND 
OVERALL) DOES: 




2802 



FINDS BG TARGET RANGE 



CALCULATES MEAN AND 
STANDARD DEV 



2804 



I 



2806 



MD = THE DISTANCE 
BETWEEN THE MEAN AND THE 
NEAREST TARGET END 



2808 



MEAN > UPPER TARGET 
AND 

8% OR MORE BGS IN THE TIME 
INTERVAL < 60 MG/DL ? 



I 



YES 



,2809 



STATEMENTS OF COMP- 
LICATING FACTORS AND 
# OF ACTUAL HYPOS 



T 
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2810 



MEAN > UPPER TARGET 
AND 
8% OR MORE BGS 
< 60+MD MG/DL ? 
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2814 



DESCRIPTIONS OF BG IN THIS 
TIME INTERVAL OF A DAY 

• MEAN IS TOO HIGH, TOO LOW 
OR IN RANGE 

• WHETHER OR NOT STANDARD 
DEV IS TOO WIDE 



I 
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HI_95 = THE HIGHEST BG 
AFTER 5% OF THE 
HIGHEST BGS ARE 
REMOVED 



NO 
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LO_5 = THE LOWEST BG 
AFTER 5% OF THE 
LOWEST BGS ARE 
REMOVED 



2820 



ARE HI_95 AND LO_5 
OUTSIDE A CONSISTENT 
THRESHOLD? 



YES 



NO 



NO 



I 



YES 
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STATEMENTS OF COMP- 
LICATING FACTORS AND 
# OF POTENTIAL HYPOS 
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FIG. 28A 
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GROUPS THE BGS IN THIS 
TIME INTERVAL ACCORDING 
TO INSULIN TABLE 



1 



2834 



SAVE ALL THE RESULTS EN 
MAIN MEMORY (SET_PROPS) 
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.2836 



CALCULATES MEAN AND 
STANDARD DEV FOR EACH 
NEW GROUP 



DONE FOR ALL THE TIME 
INTERVAL OF A DAY ? 
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ANOVA TEST FOR STATISTI- 
CALLY SIGNIFICANT CHANGE 
IN BGS 
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RETURN 
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ANY ANOVA RESULT 
POSITIVE? 
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APPLIES SCREEN RULES TO 
FILTER OUT NON CLINICALLY! 
SIGNIFICANT CHANGES 



.2832 



FOR THE REMAINING 
SIGNIFICANT CHANGES, 
FINDS MOST RELEVANT 
INSULIN CHANGES BETWEEN 
TWO CORRESPONDING 
REGIMENS 
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CALL FORMAT 



I 



2900 



WRITES TEXT STRINGS AND 
CONTROL COMMANDS FOR 
"GLOBAL SUMMARY" TO 
<PATT£NT_NAME>.TEX 
♦ BRIEF DESCRIPTIONS OF 
OVERALL GLYCEMIC CON- 
TROL 



i 



2902 



WRITES TEXT STRINGS AND 
GRAPHIC CONTROL COM- 
MANDS FOR "INSULIN DOSE 
SUMMARY" (CHART) 
• INSULIN TABLE 



I 



2904 



WRITES TEXT STRINGS AND 
GRAPHIC CONTROL COM- 
MANDS FOR "GLUCOSE 
MEASUREMENT SUMMARY" 
(CHART) 

• DAILY HIGH, AVERAGE AND 
LOW BG 

• DAILY BG TEST INFO 

. EXTREMELY HIGHS AND 
LOWS 

• TARGET RANGE 

• INSULIN REGIMEN PERIODS 

• LIFE-STYLE MARKERS 



I 



2906 



WRITES TEXT STRINGS AND 
GRAPHIC CONTROL COM- 
MANDS FOR "BG SUMMARY" 
(TABLE) 

. COMMENTS ON MEAN AND 
SPREAD EN FIVE TIME ENTER 
VALS OF A DAY 

• DISTANCE FROM GOAL IN 
EACH TIME INTERVAL 

• COMPLICATING FACTORS 
IN EACH TIME INTERVAL 



1 
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WRITES TEXT STRINGS AND 
GRAPHIC CONTROL COM- 
MANDS FOR "BG BY MEAL 
TIME" (CHART) 

• MEAN+SD AND TARGET IN 
FIVE TIME INTERVALS OF A 
DAY 

• HISTOGRAM IN EACH TIME 
INTERVAL 

• # OF HYPOS AND TESTS IN 
EVERY TIME INTERVAL 



2910 



WRITES TEXT STRINGS AND 
GRAPHIC CONTROL COM- 
MANDS FOR "BG BY 
WEEKDAY VS WEEKEND" 
(CHART) 

• MEAN+SD AND TARGET IN 
WEEKDAY, WEEKEND. AND 
OVERALL 

• HISTOGRAM IN EACH GROL'l 

• # OF HYPOS AND TESTS IN 
EACH GROUP 
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WRITES TEXT STRINGS AND 
GRAPHIC CONTROL COM- 
MANDS FOR "OVERALL" 
(CHART) 

• MOST RELEVANT INSULIN 
CHANGES FOR CORRES- 
PONDING REGIMEN PERIODS 

• MEAN+SD, # OF HYPOS AND 
TESTS IN EACH CORRES- 
PONDING REGIMEN PERIOD 

• HISTOGRAM FOR EACH 
CORRESPONDING REGIMEN 
PERIOD 



WRITES TEXT STRINGS AND 
GRAPHIC CONTROL COM- 
MANDS FOR "LUNCH" 
(CHART) 

• MOST RELEVANT INSULIN 
CHANGES FOR CORRES- 
PONDS REGIMEN PERIODS 

• MEAN+SD, # OF HYPOS AND 
TESTS IN EACH CORRES- 
PONDING REGIMEN PERIOD 

• HISTOGRAM FOR EAC1 1 
CORRESPONDING REGIMEN 
PERIOD 




WRITES TEXT STRINGS AND 
GRAPHIC CONTROL COM- 
MANDS FOR "BREAKFAST" 
(CHART) 

• MOST RELEVANT INSULIN 
CHANGES FOR CORRES- 
PONDING REGIMEN PERIODS 

• MEAN+SD. # OF HYPOS AND 
TESTS IN EACH CORRES- 
PONDING REGIMEN PERIOD 

• I IISTOGRAM FOR EACH 
CORRESPONDING REGIMEN 
PERIOD 



WRITES TEXT STRINGS AND 
GRAPHIC CONTROL COM- 
MANDS FOR "SUPPER" 
(CHART) 

• MOST RELEVANT INSULIN 
CHANGES FOR CORRES- 
PONDING REGIMEN PERIODS 

• MEAN+SD, # OF HYPOS AND 
TESTS IN EACH CORRES- 
PONDING REGIMEN PERIOD 

• HISTOGRAM FOR EACI I 
CORRESPONDING REGIMEN 
PERIOD 
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FIG. 29B 




WRITES TEXT STRINGS AND 
GRAPHIC CONTROL COM- 
MANDS FOR SECTION 4.8 
"BEDTIME" (CHART) 

• MOST RELEVANT INSULIN 
CHANGES FOR CORRES- 
PONDING REGIMEN PERIODS 

• MEAN+SD, # OF HYPOS AND 
TESTS IN EACH CORRES- 
PONDING REGIMEN PERIOD 

• HISTOGRAM FOR EACH 
CORRESPONDING REGIMEN 
PERIOD 




WRITES TEXT STRINGS AND 
GRAPHIC CONTROL COM- 
MANDS FOR SECTION 4.9 
"EXTREME VALUES" (CHART) 

• THREE-DAY PLOTS FOR 
EVERY EXTREMELY HIGH 
AND LOW 

• DISCUSSION AND EXPLA- 
TION OF EXTREME VALUES 
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CALL SCREEN RULES 



FIG. 30 



3000 



PARAMETERS: 

Ml = MEAN BG OF A GROUP IN A REGIMEN 
PERIOD 

M2 = MEAN BG OF THE COUNTERPART IN 

THE NEXT REGIGEN PERIOD 
CALCULATES: 

HI_M = THE HIGHER ONE OF Ml AND M2 
LO_M = THE LOWER ONE OF Ml AND M2 
DM = HI_M - LO_M 
DT = TARGET_HIGH - TARGET.LOW 



3002 



IF DM < 50 MG/DL AND 

LO_M > 200 MG/DL 
THEN IGNORES THE ANOVA 

RESULT 



3004 



IF DM < 20 MG/DL AND 
100 < LO_M <= 200 MG/DL 

THEN IGNORES THE ANOVA 
RESULT 



3006 



IF LO_M < 100 MG/DL 
THEN DOES NOT IGNORE 
THE ANOVA RESULT 



3008 



IF DT < A TIGHTNESS 

THRESHOLD AND 

DM > 20 MG/DL 
THEN DOES NOT IGNORE THE 

ANOVA RESULT 



3009 



DEFAULT RULE: 

IF NONE OF THE ABOVE RULES 

ARE SATISFIED 
THEN DOES NOT IGNORE THE 
ANOVA RESULT: 
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RETURN 
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® An automated diabetes data interpretation sys - 
tern is provided which combines symbolic and 
numeric computing approaches in order to identify 
and highlight key clinical findings in the patient's 
self - recorded diabetes data. The patent data, in- 
cluding blood glucose levels and insulin dosage 
levels, recorded by a diabetic patient over a period 
of tim by means of a glucose meter or the like, is 
initially downloaded into a central processing system 
such as a personal computer. The accepted diabe - 
tes data is subsequently processed to (a) identify 
insulin dosage regimens corresponding to predefin - 
ed significant changes in insulin dosage which are 
found to be sustained for at least a predefined 



segment of the overall data collection period, (b) 
identify statistically significant changes in blood 
glucose levels resulting across adjacent ones of the 
identified insulin regimen periods, and (c) identify 
clinically significant changes in blood glucose levels 
from within the identified statistically significant glu - 
cose level changes. The results of the diabetes data 
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changes in glucose levels. 



Ill 



OOCID: <EP 0483595A3_I_> 



Rank Xerox (UK) Business Services 

1-/3.6/3.3- H 



EP 0 483 595 A3 



Single Shou per Day 
Multiple Shoes per Day 



FIG. 2 A 



su cce ed 




succeed 



END 



succeed 



END 



Change in 
Amounxof 
Long-Acting Insnlin 
(Single Shot Interval Only) 



fall 



Change in 

Amount of 
Intermediate-Acting Insulin 
(Single Shoe Interval Only) 



fall 



Change in 
Number of 
Shots per Day 




suc c eed 




fall 



END Change in 
Amount of 
Long- Acting Insulin 




succeed 




fall 



Change in 
Amount of 
Short-Acting Insulin 
(Single Shot Interval Only) 



END Change in 

Amount of 
Intermediate-Acting Insulin 




succeed 




fall 



END Change in 

Amount of 
Short- Acting Insulin 




ttSOOCID: <EP 04835G5A3_I_> 



r 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nnbff 

EP 91 11 7600 
Page 1 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wkfa indication, where appropriate, 
of relevant passages 



Relevant 
to < 



CLASSIFICATION OF THE 
APPLICATION (Int. CLS ) 



PROCEEDINGS OF THE THIRTEENTH ANNUAL 
SYMPOSIUM ON COMPUTER APPLICATIONS IN 
MEDICALE CARE 5 November 1989, WASHINGTON 
DC, US 

pages 28 - 32 

KAHN M.G. ET AL 'MODEL-BASED 
INTERPRETATION OF TIME VARYING MEDICAL 
DATA' 

* page 28, right column, line 15 - line 21 

* page 29, left column, line 38 - right 
column, line 29 * 

* page 29, right column, line 45 - page 
30, left column, line 16 * 

* page 30, right column, line 9 - line 40 

* page 30, right column, line 48 - line 59 

* page 31, left column, line 14 - line 20 
* 

* page 31, right column, line 27 - page 
32, left column, line 35 * 

US-A-4 731 726 (ALLEN III) 
15 March 1988 

* column 1, line 50 - line 55 * 

* column 2, line 1 - line 51 * 

* column 6, line 42 - line 68 * 

-/-- 



1-2 



G06F15/42 



TECHNICAL FIELDS 
SEARCHED Oat* CLS ) 



1-2 



G06F 



The present search report has been drawn ap for all claims 



Place «f uarch 

THE HAGUE 



keflaii 

22 FEBRUARY 1993 



BARBA M. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If takes alone 

V : particularly refevast tf combine*' with another 

eocanteat ef the same category 
A i totliuoUielcal eeefcgroeee' 
O : aoo-wrtnei disclosure 
P : intermediate ■ uiiumbI 



T : theory or priadple 
E : earlier patent focuxaent, 

after the (Ubttaate 
D : eocaaeat dtetf la the 
L : eecoBMBt dtW for other 



1 the taveatlon 
pabHsaetf an, or 



* : amber of the saaie pateat faatUy, correspooems 



SOOCID: <EP_04835©5A3_I_> 



• -1 



